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Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

Summary

The Col(uSnPbBiRa6 ) paloggsa nprogram to desigmewand build
ballistic missile submabiwcaygrEhSaBgihgicdmoee dldace
SSBNs. The NavyCdhlavmHide ntpd otghle mNepypriority pro
The Navypwaamuse ttohacfFasstb&€oRamba FYBE021dd devel op
work on the program has been underway for sever a
fundindiboeohegha 1 AT hkkY2Na wy opo23lbddE¥28request
$2,8Mmi 1 (iow . , aboiut @Hr2a Qu rbd rhd n tomif)lulnida m.g,, &HSHogu 3.
$1.1 bmllhdomnce procuyandn2fmi3dl(lAP)n fimndiesmg arch an
devel opment funding for the program.

The Nawyw2021 budget ssuhmi prioemremteinmatdco®st of th

class boat at $14,393. 41 mittHddmndalkilngdis 08Bo8&t § 14
million (1.¢e., about $6. @ sbiebl it che)] yient acid s tdse sfiogrn
recurring engineer iGogl (miDidaNR.E ) ( kto sNasvyf ofrott et a nd
budgetary practice to incorporate the DD/ NRE ¢ os
procurement cost ofExuhdeicnbgst st fohi pl amsotnh ¢ hel & s § i
construction ¢ &8t 385 . t7Themiflilrisotn (hip.i,s about §8.
rece$iov,e2d27 .8 million (i.-geagr ahABuftuBdi g .bphbhae dMa v
FY2021 rbeuqdugeestt s $2, 891.5 million in procurement

million (1.¢e., about $5.3 Dbillion)’stimt aplr ocur e menrn
estimated prodc BrleddmdBit3s. etoamtiblel iroenque st2d. in FY2022
Th Navy wants to pr-okase bhat scec o WWFDCDH4 umbha Na
budget submis pr o uceceotmit maotfe st htihse boat at $9, 326. 1
billiowk airn dthhHed lNmaspy opos e d FYul2Ilt sb usdlgelt2 3r. 2 mi 1 1
AP fufidi nghecCabksmpifoghamh $1,028.0 million (1. ¢
for the second boat and $95.2 million i1is for the
The NaFWwWlb@adget submmagiesntdhe total-sprpcutaeament

at SbBDPliowean AOMAyr 2019 Government Accountabil
report assessing selected major DOD weapon acqui
acquidevebapment plus pr oc uwerleansesn tpr ocgorsatm oafs tohfe JC
was $103,035.2 million (about $103.0 billion) ir
million (about $13.1 billion) in kieesrmacathowumd de
$89.9 billion) in procurement costs.

Issues foffoCOmgaembsisaas s pmolguden t he following:

e whether the Navy has accurately priced the w
ColumHiass proglham in FY202

e the 1risk hofi ncotshte gprroowgtr a m;

e the risk of toerc hfnwnediibntgethilndite sauggwlsd 1 ead to del
in designing and building the lead boat in t
scheduled initial deterrent patrol in 2031

e the potentealol-mmbes pfogham on funding that
avail oblherfNmvy programs, 1includindg ot her sh

e potentiabasadaballiadges o fc lbausisl dbionagt sb catnhd Co | 1
Virgcilnaisas att a(ckS Mdu)btmhnee i 1t @ sme .

Congressional Research Service



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

Content s

) T S G T A B o A B N P 1
Ba € Kk g 00000 e e 1
U.S. Navy SSBNs..i.n..Gemne.t.alo.. 1
Mi 8 S 1 0N 0. LS. S BN S 1
Curr en@l aOshsi OS.S. BN S e 2

U. ¥K Cooperation on SLBMs...and..t.he..Ne3w UK S SB-
Submar€Coeanstructi o.n..lundus.t.r.i.a.l...Ba.s.e......4

Col u#lias s P.r.0.@ L@ il e 4
Navsy Top Pri acr.i.t.y..Pr.o.gr.am ... 4
Pr ogr am. N e e e 5
Program Origian..and. . Mil.e.s.f.0.0.8.8 e 5
Planned Procurement...Qu.a.nt.i.t.y..and..SchSedule
Columbi a Cl.a.s.s...De Sl @i 6
Pr oo gr am. oS e 7
Nat i o nBaals eSde aDet er r e n.c.e....Fun.d. . .(.NS.BDE.)....8

Submarine Unified .Bu.i.l.d..St.r.at.e.gy...[.SIPBS)
Co®ttus Incentive Fee (.CPRILE)..Bl.ock..BOy Contra

FY20RYI2025 GCOlamdi R&D menndt PH.wmduirneg......... 1.0
FY2021 Procur e me.an.t..Euondi.ng.. . Regunes.t...11

| QT (RIS G0 YOO PN o U £ IO S - - SO PP 1. 1
Pricing of Propos.ed. . .FXY2.021. . War ke 1.1
Ri sk of Co.st Gr.owt Do, 11
(O O S A T T T 1.1

Na vy P e rs Pl Cotd Ve e e e e e e e e esenrennnennnes 12

(OGRS 20 I SIS GO o T T O O VA - PR 13
GAO P e r 8Pl e 14

CoPtltus Incentive Fee (.CPILE)..Bl.ock..By Contr a
Risk of Schedule Delay 1in..De.s.i.gni.n.g...aln5d Buil di

(O I A T S O T =T PP PTR P UPPPPPPRRTN 15

Navy Perspecti vee....o.n....S.c.he.dul.e.. . Ri.s. k... 17

GAO Perspective..o.un..Schedul.e. .. .Ris.k..... 19
ProgAfafrordability and I mpaPRitogmaimist. her.2 Navy Shij

InduBasiealChall enges of-ahudi IVdGtmeg sB.dtolm..2@Bo 1 umbi a
Legislative Act.i.vi t.y. . .f.or  EX202. L .. 26
Summary of Congressional Ac.t.i.on..0n..EEY2021 Fund

Figures

Figure 1.-7Q101)0 Cl RSBN.S.S. BN e 3
Figure 2. C8R6WmbiICd a.6.S.S.BIS.B Nl 7
Tables

Table 1.ClCod ssmbiag.r.am. Fondin.g ... 10

Congressional Research Service



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

Table 2. Navy ConfidenceClLasvse |l Un iftoCr® sHesstlu2rneanh eendt C ¢
Table 3. Conngreemrs sh Y221 Akut.n.di.n.g....R.e.qu.e.s.t2 6

Tablle. AU. S. S S B N G 8.8 S ittt - 27

Appendi xes

Appendi x A. Summary o.f...Ras.t.. . U. .S .. S.SBN.D&signs
Appendli. 8§ KB.Cooperation on SLBMs...and..t.he2 New UK S
Appendi x CCI aCsosl uPirboi gar a m Or.i..g.i.n....a.n.d...Mi..L..e3s2t one s
Appendix D. DeGl gas .oBadiod . umb.i.a......oiiicennnnnn. 35

Appendi x E.BaNadd obhatle Seran.c.e....Fund... .. NS.BDKX)4

Contacts

Ad hor R T Ao W 0 0. U T S S o 0 o WU S ¢

Congressional Research Service



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

Introduction

This report provides background information and
ColumHiass ,prpgongmam to desigmebaand ibuiiled ma scliases

submarines (SSBNss) a¢wr mempth gfc@hgic dh 2 s N albhyeB N s .

Navy has identdlfdssd phegCoihtuand i aghreaomNia vTyh oo rda vy
wants to pr ocutrcel atshse bfoiarTshte nQo¥lvgmbhilms ed FY2021 bu
requests $2,891.5 million in procurement funding
funding, and $397.3 miltl ifounn diinn gr efsoera rtchhe apnrdo gdreavma
The program poses a number of fDewdisngnand havter s i
Congress mn{aokleusmHoimas ¢ hggo wlgd asmubstantially affect U
capabilities and fundiplGQurkdungemedestraald bheecl

For an owerstewtefgfitc and btuhfepd¢ wanH wmascso pptwmebxgtr ainmm  w
other Navy shipbuilding RrSo gRreapnosr tthBRYD BRI 6¢c5o,n s i d e r
6WUXFWXUH DQG 6KLSEXLOGLQJ 30DQV, %ODFNRURXDE DOQ R oMt Xkt

This repor tCoflocmbsieas s ogny ¢ eNanvyn g hppbgndcdh. Anot he
CRS r-e®RSr tReport8 RLBWURBWHILF 1XFOHDU )RUFHV %DFNJUR:
DQG ,VVEKWMV Amy—dFs c We €b § u mh taas calna sesl e ment of future
nuclear forces 1n t haer ncso nntoedxetr noi fz gt thisoantr e gfifco rntusc lac
agreements.

Background

U.S. Navy SSBNs in General

Mi ssion of SSBNs

Th¥. S. olpaewryat es tshmrbemea—+kuncelpavew £6d attack submarine
nuclpoawrered cruise missidmd hpobmaridndal (SSENx) mi s
submarinelTheSSBNs) and -:iI86Ns oar ¢ hmpwatriiheatty poefr f or
peacetime andWheyidne mots sdiwmsy nuclear weapons.

11n the designations SSN, SSGN, and SSBN, the SS stands for submarine, N stands fepowelear (meaning the

ship is powered by a nuclear react@)stands for guided missile (such as a cruise missile)ands foballistic

missile. As shown by t he |lUSINAvysubhmarifes Are nudgeo@aiedOthenndvieS S BN, a
operate nonnuclear powered submarines, which are powered by energy sources such as dies@l®ibginesr i ne ’ s

use of nuclear or mmuclear power as its energy source is not an indication of whether it is armed with nuclear

weapons—a nucleaipowered submarine cadack nuclear weapons, and a naolearpowered submarine can be armed

with nuclear weapons.

2For more on tnd&SGNs, se@RSsRersRL32418\avy Virginia (SSN'74) Class Attack
Submarine Procurement: Background and Issues for Congdrg$3onald O'RourkeandCRS Report RS2100Ravy
Trident Submarine Conversion (SSGN) Program: Background and Issues for CobgrRsmald O'Rourke

>

SThe Navy’s nonstramegrningualleaacf wehe@ omer vice’s nuclear wea
launched ballistienissiles (SLBMs)-were removed from Navy surface ships and submarines under a unilateral U.S.

nuclear initiative announced by President George H. W. Bush in September 1991. The initiative reserved a right to

rearm SSNs with nuclearmed cruise missiles abme point in the future should conditions warrant.

Congressional Research Service 1
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The SSBNs,pémfoomtamsppidomsltiraeed gic.nlol parfdemert
this mission, SSBNs-lamamcheme bawil tilstdebmdsisndes (
l ar ger,anlgoengmi s siles armed with multiple nuclear
from-dliaarngeet er vertical 1 aunch ft utbhedd hbkooaS’'s B&Nd i n t
basic mission 1s to remasaem desdtdenaanuséteawi ahtatl
UnitedbyStaantoetsher country by demonstrating to oth
assurede tsreickeen dceaapmibng iat ysumvi vable system for <car
nucla¢g dmck.

Navy S8BINesh are sometimesboemficorm dmwme i ndgromh Itlly
Uu. S. strategic nuterd iewhti, cdhe taelrsroehiats efldurdcaes a ltoard a t
ballistic miss tblaesse df hlGoBabgs pombd r kandt any given 1
the WNaS§§$§BNs are conducting nuclear dseterrent pat
(DOD) repor §Nuocnl etahre P2o0slt ur el Ra wethdwaaNERpt €0 1 8,
the foaoll owing

Ballistic missile submarines are the most survivable leg of the triad. When on patrol,
SSBNs are, at present, virtually undetectable, and there are no knowternearedible
threats to the survivability of the SSBidrce. Nevertheless, we will continue to hedge
against the possibility that advances in-aatbmarine warfare could make the SSBN force
less survivable in the futufe.

CurrentClQhsiso SSBNs

The Navy currently-7&pPer atl eassssglleSXSBINisToh e( SoBN s ar e
commonly called Trident SSBNsTroirdédtmpMsy Trident s
Thewvere procutkYl %Mmekddtyd ©¢d selrvilThyeweirne 1d%8& i gne d
and built by 'BEbmaetnl cDBoami ®s vision (GD/EB) of (
PoinfTheRI were origiyehkrysdesvigredifes dDht were
year service 1 iavpepsr,o xciomagtaesltyp dlglopd&p atwepobadsby an
approx#wmemeldife nuclear refueling overhaul, call
( ERO) . The nuclear refueling overhaul includes t
the ship thatnuslaet 'refattdngo the

The Wweats origineghkh dasrgalfdalSeBMpl DODFf or
compl yilh.gRuwsistthn at egic nud¢l epa tf oaurrmsS LcBavh tlraouln c h  t u b
ceach boat have been deacoifvdlBMs theéedycicnmg ttachO

4 SSBNSs, like other Navy submarines, are also equipped with horizontal torpedo tubes in the bow for firing torpedoes
or other torpedeized weapons.

5 This informal namés a reference to the large botimat would be made by the detonation of an SLBM nuclear
warhead.

6 Department of Defensdluclear Posture Revie018 released February 2, 2018, pp-48t

7 A total of 18 Ohieclass SSBNs were procured in FY197%1991. The ships entered service in 19887.The first

eight boats in the class were originally armed with Triden#l €1 BMs; the final ten were armed with larger and
morecapable TridentIE5 SLBMs. The Clinton Administration’s 1994 Nucl
recommended a strategic neat force for the START Il strategic nuclear arms reduction treaty that included 14 Ohio
class SSBNs, all armed with-Bs. This recommendation prompted interest in the idea of converting the first four Ohio
class boats (SSBNs 72®9) into SSGNs, so as meake good use of the 20 years of potential operational life

remaining in these four boats, and to bolster the U.S. SSN fleet. The first 4¢l@sdoats were converted into

SSGNs in 20022008, and the next four (SSBNs #383) were backfitted with 3 SLBMs in 20002005, producing

the current force of 14 Ohidass SSBNs, all of which are armed witktb[5LBMs. For more on the SSGN conversion
program, se€RS Report RS2100Wavy Trident Submarine Convessi (SSGN) Program: Background and Issues for
Congressby Ronald O'Rourke

Congressional Research Service 2



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

ht of -ctlhaes sl 4S SOBhNso are homeported atsiBsangor, W
homeportedcaopstkien gFsl oBR &l ywdlai &béo,rndoesrt. Navy s hips,
ated by singdeccopwsat®NdvhySSBNernating cr eV

of

g
e
er
ld crews) so as to maximize the percentage

Qo ® m
oo = =

Figure 1.0Ohio (SSBN -726) Class SSBN
With the hatches to some of its SLBMunch tubes open

Source: U.S. Navy file photo accessed by CRS on February 24, 20&@tpafwww.navy.mithanagement/
photodbphotos/101029N-1325N-005.jpg

Thestfiaf t-htatd OBBOsO ) SWSiBN reayhatheeewmwdcoflif
202The remaimienghhdhwofltheir service lives at a
year therea'fttecarc,h iwnigt ht hteh deenld®d b f2 G t s ser vice 1i

The Navy has initiated a programStBLBMfurdbdish ar
about. A2 0€0Ilculmmbsisa SSBNs begilmstso broapglsade- QWi3ao , 1 e
5s carried -byasetboang ®bihelwe Cdlaasmd fborartesd

ColumHiass boats wildl continue-Stsoume¢ 1 dr mabtdb uwi 210 4
which tiSme atrlee tld0 be replaced by a successor SLBI

Including the Ohio class, theiNaegylBa9. ober at eda
summarizing the$SESHQGIL] $cl asses, sece

U. 8JK Cooperatiomndnt 6d BNMsw UK SSBN

As one e xpr-6dKcsoioopne roaft ilb.nS.on nuclear weapon matte
War hldiIKsf obur Va&dgwasr & SBNs, whichl@ea9ecereadchecaircy
Tride#ht SLBMBr,e vainodusp cl asses of UK -#8BNsatsiaoml arl
U. SBMFThe UK plans to r ecpllaascse btohaet sf owirt hVatnhgrueaer do
Dr e a d ncoluapshgt £ n e rSaStBiNOsm e a d ncoluagshst bbet eqarpped with

missile launch tubes, but ccaurrrrye-fieti SglbBRMpll e hh st ta l 1
other four tubes noflThbelUnmgpraeibdbbvg sS&EBMrical as

8 Although the SLBMs on UK SSBNs are U-i8ade, the nuclear warheads on the missiles are of UK design and
manufacture.

Congressional Research Service 3
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the United Iirmegdaommludgchst ,p haesg riatm has over the year

UK submarinef or ogddimsieomSaSIHQGIL €us si on, se

Submarine Construction Industrial Bas

{

U.S. Navy submarines—Gaeme rkadi’lBth amtmrtcwo Bsolmit p yDa rvd ss

(GDHEBf Groton, CT, and Quonset PdNewpor RI, and

News Shipbuilding (HII/NNS), of Newport News, VA
shipyards in the counpowecepgabhepef bhRISEBIi bgi h dse

only, while HII/ MpMNSwearlesdo abiuriclrdasf tn uccalrerairer s and i
t ypessuroffa cRhe htiws .yards currentiy asmse ajtdiamctkl y b ui
subma%ines.

In addition to GD/EB and HII/ NNS, t hheu nsdurbemdasr 1 n e
ofupplier firms, as well as laboratories and 1 e:s
tomaterial procured fromiemppfisgubmarmsedocomhses
source supplpreopul Foonnaehpament suppliers, an a
work issthaplNewayedcanricenmfdons®Pruction program.
Much of the design amdibenrgiimee rciomg tparcttiioom d fn dtul
resident at GD/ EB. Smal l erd psoorntei oonfs tahree croenspiodneennt

Col umbliaaPrsogr am

Navsy Top Priority Program

Navy officials havBept a2tibbld3dr tohfdstilsttthd s s proigm aen i
the Nawvygp priority program, and thaWNavshis means

perspectivec]l &adhse K€ midbuwrmad ed, even 1 f that ¢ omes

funding for otther Navy progr ams.

9 For more on the arrangement for jointly building Virghelass boats, s€8RS Report RL32418\avy Virginia (SSN
774) Class Attack Submarine Procurement: Background and Issues for CohgrBsmald O'Rourke

10 For more on this program, s€RS Report RS20648lavy Ford (CVN78) Class Aircraft Carrier Program:
Background and Issues for Congrelsg Ronald O'Rourkédn terms of work provided to nuclegropulsion
component suppliers, a carrier nuclear prapualglant is roughly equivalent to five submarine propulsion plants.

11 0On September 18, 2013, Admiral Jonathan Greenert;@héaf of Naval Operations, testified that the Columbia

class program “is the top pr i oriiatJgnatipan Greenest,).SfNawy, Chigfe Na vy . ”
of Naval Operations, Before the House Armed Services Committee on Planning for Sequestration in FY 2014 and

Perspectives of the Military Services on the Strategic Choices and Management Review, September 18®pD13, p

Navy officials since then have reiterated this statement on numerous occasions. At a September 12, 2013, hearing

before the Seapower and Projection Forces subcommittee of the House Armed Services Committee on undersea

warfare, a Navy official statetthe following:

The CNO has stated, his number one priority as the chief of Naval operationssunstrategic
deterrent—our nuclear strategic deterrent. That will trump all other vitally important requirements
within our Navy, thngthatwe flowitthoership’beilding madcount-eveee

are committed to sustaining a two ocean national strategic deterrent that protects our homeland
from nuclear attack, from other major war aggression and also access and extended deterrent for
our allies.

(Transcript of hearing. (Spoken remarks of Rear Admiral Richard Breckenridge. The other witness
at the hearing was Rear Admiral David Johnson.)

Congressional Research Service 4
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Pr ogir Na me

Until, XhkamHiass waoghmomwn as the Ohio replaceme
SSBN( Xdanplfarmode boats in the class wereorreferred to
SSBNXome budget documents continue to use these

Program Origin and Milestones

Foirnf or mat@dlaumtHias s 'progrgimn andfSBHQ&GL| &nes, sece

Pl anned Pr oc ury meSnadh eQualnet i t

eS——Ze1 > "®2>2Z-72—+1 2S—¢'¢¢
Navy plans c¢alClol fuenH iapsrso obuoractp g a ¢ 2 t he ocurrent for
class SSBNs. In explaining the planne¢edheprocur e me

foll owing:

e Temper at iNsamela nSiSnBg boats not encumbered by 1e
act+ome needed to meet strategic nuclear det c
a certain number of SSBNs at sea at any gi Vve:

e Four®licd as swebhmeamaed de d tthee meegtu i0r e ment for 1
operatibeeshubegtsduring the middle years of t
three &andesomeumweoef onpobne a bpansl at any given |
on account of being in the midst of lengthy
otheredxmendtenance actions.

o Twe l(rvaet her)Coh amHi lads swiblolatbe needed to meet the
requirement for 10 operation&blbmbia because
class bvdhatch will not include a nuclear refue
(abotuwtwe ar s ) than the midl icflea srse fhucea tisn g( whviec hh a
requi rfeo yagbaorust from contract award to delivery
ont wOol umtiaas s( rbaotahte h od¢r & 8 0 mfeot)uirmwe sl I be 1 n
the midst of omi dltihfear ®ewadremadwedds manynt enance ac
given moment duringotl nenHnaisdsd 1F8i fyee acrysc loef. t he

The Trump AdmNmicdtenmnat PoRR)yr ¢ eReawisew (N February
t hfeol 1 oTWli @ gCOL EEMBalsAs program will deliver a minin
the current OHIO fleet and is des i"¢Thheed utsoe porfo vi ¢
t he ‘“nomd funm ¢ dmtteeanc ebe v i g wapllol saigttbhtate required

21n the designation SSBN(X), the (X) meant that the design of the boat had not yet been determined.

BForadli t i onal discussion, see “Navy Responds to Debate Over
2013, accessed July 26, 2013htip://mavylive.dodlive.mil201305/16/navy-responddo-debateoverthe-size of-the-
ssbnrforcel and Richard Breckenridge, “SSBN Force Level Requiren

Live, July 19, 2013, accessed July 26, 201 8ttat//navylive.dodlive.mi201307/A9/ssbnrforce-levelrequirements
its-simply-a-matterof-geography/

14 Department of Defensdluclear Posture Review 201&leased February 2, 2018, p. 49. A similar statement (which

differs only in saying “COLUMBcllAa spsr opgrroagnr”’a mt”a)t haeprp et ahrasn o“nC OpL.

Congressional Research Service 5



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

number o fc 1Caosl su mbboiaat s mi ght at some point be incr
b o a3 s

S——V@E2>2-72—+1 E'Ze727

ThNavy wants to procldnessthbhoaffidant FOQIO2rmhbida he sec
the remhimti ng rate of one per UYrdar frioims FsYQW& dult
Na wyr o jtehcattlsetald¢ boat, whiud dt broadte ) § vehed sier ol 42 @ 2
FY2N3 and the remaining 10 a3t har oovagg®e FEM2teme per
being deli WBerictde dwmbwuaFhYd2 Ownder go substantial testi
havingeadyb€for nttspatireslt idet2dil.

Under this schedule, and gtcvieans sp lbaonant esd, rtehtei rNeamveyr
t hat the SSBN fdB8cdbowd s IFAYRADRBRL 0L tboddt boinn sFY20
1in FYR2Y2Z036 and 10 -FbYo2a0t4s0 ,1 na nFdY 2t®hBe7nt o1 nlclr ebaosaet sb 1 n
FY2041 and 12 dhaet Naivy EY2042. that the ereducti o
perhi $2A0BY20i4sl acceptable in terms of meeting stra

requirements, because dturd ngSBNs sien ysamrwvicalwillll
(1. e. none of them will be in the midst of a 1c¢
t hat here is some risk in having the SSBN force

t
margin fgraanbeonfbiaseen event that might force a
lengthy maintenance action.

Thegr oj mc h 2 thu m 1lle okrl beomafitisber e 4  eldlr tbooats (providin,
omed di tmiaa igdanb sfoorrtbi ng an unfghte foamree aan tS SBNa ti nmi
nscheduled and lengbhyamaehe¢eatnog hygtabaut one
rocurement dates of boats 2 through 12 in the
rogram would be prtohcaunr eFdY 2i0n2 4F, Y 2t0h2e3 trhaitrhde rboat i
e procured in FY2025 rather than FY2026, and sc
Navsy plan for funding the procurement of other N
FY2O0RY2025.

72}

oo T e

Cd umbi a DE€lsd gm

The ColtbmbsadglsdiXdyiH i(nscelendes 16 SLBM tubes, as op
tubes (of which 20 mr ®h heo ws uASlStBiNofuogrh StdhBeMsCrp lou mb i
desi gine wiekrBMubes t haeh aelbsa g@hiso 1l argetasbhadeshgnOh
in terms of subMhbe g€dtimbphdesmgaltadd kdedgihgn Ohi c
before itl,arwielslt babtmhae i nedeStordbaddit bynat hebdak,
information -ohast hed&SFTHH@BL[s'e e

Current U. S. an dC oUlKu npbl iaan dc 1¢ 2hEksl eUaRdoncol udplihaB Nt o
usemias sile cerhpea rmti dednite section of t h-eofbhheat with
s amee rgeln '8Aess ingenn.t i aPe da & acoldagskst SSBNs are to each

See, for example, Marc Selin gingMpre Thahd2 Goluiwi€lasst Someday Cons
S u b ma r Deferse DailyApril 12, 2018: 23.

16 Source: U.S. NavyReport to Congress on the Annual LeRgnge Plan for Construction of Naval Vessels for Fiscal
Year 2019 February 2018, Tables ABthrough A34 on p. 12.

17 Statement of Rear Admiral Stephen Johnson, USN, Director, Strategic Systems Programs, Before the Subcommittee
on Strategic Forces of the Senate Armed Services Committee [on] FY2011 Strategic Syaremd,7, 2010p. 6
which st at e sThaQHIO Répateimentpirograms includes the development of a common missile
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gt SDBMs, or half the number to be carried by
e CMC will accomhbhadalkedgrhawi df hgbhfefioalde desig
n of

e i
t h
of the iICMCluding a large®portio the initial

Figure 2.Columbia (SSBN-826) Class SSBN
Notional cutaway illustration

Source: '"HWDLO RI1 VO L@HO Repla@amentRoogrém Systddescription 1 LQ 1DY\ EULHILQJ RQ
Columbiaclass progranpresented by Captain \illiam J. BrougharProgram Managesf PMS 397 (i.e., Project

Manager Shipbuilding, Office Code 397, the office forGbkimbiaclass programn at the Sea, Air, and Space

Sympaium, April 8, 2014, posted at InsideDefense.com (subscription required), April 9, 2014.

Program Cost

>"esS_FEB' e’e'"—1 "

Estimates ofcodt pc pacautietnbceas ¢ ar ¢ h a ncdo pdkeuvse | o p me n
procurceomeaf mbeaGoslsu program include the followi

e The NawWlb@2get submission estimates the tota
thesH2p ¢l 8bs 1 4iofd¢edn. dakbhars.

e The NaAwg2d9tl 7 e stthiematoad ]l proCwd ambnta cost of
ckka pratgralm 9. 2 -peddidal iar ¢shemads ¢dreclprogram
and devel opment c¢osyteaat dSoll3.a0r shi Ifloirom itmo ttahe
(research aplipdevetemenan) cost -yoefar$122. 3 bil]
dol ¥ars.

e TheavNN hasanwdry 20tlhe eprtacmartement cost of the
t hCcol umbiaass at $ 8 .mt b2i0 117 odno lilna rcso,n sntoat includ
billion dollars in additional cost for plans
procur ¢ me nsthicpss t2 ot hrough 12 ce¢iawht he program a
constant F%¥2017 dollars.

compartment that will support both the OHIO Class Replacement and the successor to the UK Vanguaid Class

18 See Government Accountability Offic@efense Acquisitions[:] AssessmeatsSelected Weapon Progran@AC-

10-388SP, March 2010, p. 152; Government Accountability Offdefense Acquisitions[:] Assessments of Selected

Weapon Programs5A0-11-233SP, March 2011, p.148;a m La Grone and Richard Scott, “Det
andUK Wait on Next Steps-DRQdHYVSIDEN , GMapADpPIERO D © , ~

19 Source: Navy briefing to CRS and CBO onthe Columtbiaa s s program, August |1
budget submission, submitted in February 2018, estimates the total procurement cost of 12 @tdsmbizats at
$109.0 billion in theryear dollars.

20 Columbia Class MS [Milestone] B, Congressional Notificatidanuary 6, 2017, p. The Navy in February 2010

preliminarily estimated the procurement cost of each Colwelaiss boat at $6 billion to $7 billion in FY2010 dollars.

(Source: U.S. NavyReportto Congress on Annual Lofigange Plan for Construction of Naval Vessels for FY 2011

February 2010, p. 20B5ollowing theColumbiaclass prograns December 9, 2010, Milestone A

, 2017. The
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e AMay 260l rnment Acc o@iQiralpiolritt saesl@dedstisel dn g(
maj or DOD weapon acdtuhiasti ttihoen epsrtoigmaatnesd sttoattael
acqui(sdietvieolnopment plowst Q@oaflowtsmhdcieasnse np ) o gr a m
as of Juel3 @B 1 Wadbow BObiS1 1 ion) in constant
FY2%®dlol 1 ar s ,$ 3,1 A 36liuld(ianbgolhltb i 1 i on) in research
devel opme n$t8,9 3 @nsills{ emcdBU9b i§ 1 i on) in procur e men
costs.

The aebsotviehat asetesncmaded for -FeFThBMI shao nzgs Dt o e x
their seravwbiozu®4 1i1ives to

>l "Sel1S—e1 ZE " —e1 "Sel >"E2>Z-Z—+1 “Ecce

The Nawyw2021 bmdgatesubmases the procurement co
class boat at $14,393.4 mi-yddonddlilers, atbbmaltudild
million (i.e., about §$6.0 billion) inncosts for
recurring engineering (DD/NRE) costs for the Col
budgetary practice to incorporate the DD/ NRE cos
procurement cost of the first tshhei pe sitn smtailt ee dc lhaasnsd.
construction cost of the first ship is $8,385.7
The Navy wants to pr-okase bhat scec s BR¥FXCHDLAdmbPha Na
budget submission estimatas BBReg3@bpodumemtnbncoost
billiowsy)keairn dtohdmr s .

™Z58e’"—18S—e1 Z™M™™ 510 | Ul “cee

The Navy as of Jdahevanye?2@¢g? esmnimidteperation anoc
each Columbia c¢class Boat at $119 million per yea

NationdBhs®da Deter¢NaBPF Fund

The NatiBanaeld PDeda e ¥SHRE) fFiusnd’si b uld@RBt separate f
Navsy shipbuilding accoumtodwrfamhaddtdgngfoandhexeont
of new. VBB Nwr &ynegres orilEg wh@hd4 y hheeil gggom o f
finanicnisaulllayt ¢ ot her Navy s bhopbadstdpl enfgt tphreo gr a ms f
ColumbHiass program, and to fmrmodheapgeotufSempntiof:
Columbibmats frons abudgest DODeh gr for’banb w hge tNa vy

In more recent years, the st(altOutle. Se@t.4a a2bBle8&ah)i ng
amendedt he N&SBP&¥Fdditional function édbHractrhgias

meeting (sedppendix C), DOD issued an Acquisition Decision Memorandum (ADM) that, among other things,
established a target average unit procurement cost for btratsugh12 in the program of $4.9 billioin constant

Fy2010dollars(Chr i st opher J. Castelli, “DOD: New Nuclear Subs Wil
Inside the NavyFebruary 21,2031 ai ne M. Gr os s ma nArmet WesseltoilUse AthkekS. Nucl e ar
Submarine TClobdiSecoritydNewswirgFebruary 24,2037 a s on Sherman, “Navy Working

Billion From Ohi o IfsidethedNavyrebeuary 282018 grea m]l 3 o Christopher J. Ca
Puts “CSohsotu’l dPr essure On Mkgide the N&eyMay 8, 2041). Pr o gr a ms

21 Government Accountability OfficéVeapon Systems Annual Assessment([:] Limited Use of KnowBedgel
BUDFWLFHY &RQWLQXHV WR 8 GADHYIBBIN, MayRI19.QPYIBVWPHQW YV

22 Columbia Class MS [Milestone] B, Congrissal Notification January 6, 2017, p. 1.
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special acquisition authoriatti etsh et lmmatrcghisntv eo f he pc
ColumHiass boats anggowtthed Nohvypsnudlear aircraft
submarines). For additilbbemaNSBBEESEHQGhLnd i nfor matii

Submarine Unified Build Strategy (SUBS)

The Nawnwyder a plan it calls the pSluabnbsatr 1 de Uni fie
ColumHiass pomnntly d4/ GDNSEBwand gHooisntg otfd stChle/ EwBo.r k
parthod plan, the Navy is also propo-siliangsto adju
attack submairn nehipah ghaamttt GDEeEB od ffd d HI baNN§$)

HI T/ NNS would recefvasbeimbt Fefoshsbntoprblgs am t I
received®in the past

CosPtl us Incentive Fee (CPIF) Block Buy Contr.

The Navy int epnlduss tion cuesnetbihwec bfseb ar®™t( o RplrRoyrcaucrte t he f
t wo shipsAiNovtvtdhmb®,] a23G619, press report states

23 For more on the arrangement for jointly building Virgislass boats, s68RS Report RL32418\avy Virginia
(SSN774) Class Attack Submarine Procuremddackground and Issues for Congrelsg Ronald O'Rourke

“Key elements of the Navy’s proposed plan include the foll.
+ GD/EB is to be the prime contractor for designing and building Coluciass boats;
» HII/NNS is to be a subcontractor for desigg and building Columbialass boats;

+ GD/EB is to build certain parts of each Columbiass boat-parts that are more or less analogous to the
parts that GD/EB builds for each Virgiridass attack submarine;

*  HII/NNS is to build certain other part$ each Columbiglass boat-parts that are more or less analogous to
the parts that HII/NNS builds for each Virginiéass attack submarine;

* GDI/EB is to perform the final assembly on all 12 Columtiass boats;

+ as aresult of the three previous poititg, Navy estimates that GD/EB would receive an estimated78%
of the shipyard work building Columbigass boats, and HII/NNS would receive 22%%;

+ GD/EB is to continue as prime contractor for the Virgidi@ss program, but to help balance out ¢etgd
submarineconstruction workloads at GD/EB and HII/NNS, the division of work between the two yards for
building Virginia-class boats is to be adjusted so that HII/NNS would perform the final assembly on a greater
number of Virginiaclass boats thanwtould have under a continuation of the current Virgitigss division
of work (in which final assemblies are divided more or less evenly between the two shipyards); as a
consequence, HII/NNS would receive a greater share of the total work in buildgigi¥tlass boats than it
would have under a continuation of the current division of work.

See Julia Bergman, “Congressmen Visit EB A Day After It 1Is
P r o g rThenbay’(New LondonMarch 29, 2016; SydneyJ.Feed e r g Jr ., “Ohi o Replacement Pl
For E1 e c Breaking D&enget M&8r ch 29, 2016 ; Robert McCabe, “Newport N

Virginia-C1 ass Submar i ne Mirgian-Rilet{Nevwpert News)Marech @9y2016; Valerigsinna,
“GD Electric Boat Chosen To Ta kDeferiseRailyMaRch 30¢2016:éBf Hughh i o Repl ac

Lessig, “Navy: More Submarine WMiltary.cOm Mdrah 80, 2016; Ldee wpor t Ne ws
Huds on, “ W« lads RepleementWilloBe 820 Split Between GDEB, HIN N S Inside the NavyApril 4,
2016 . See also Richard R. Burgess, “Submarine Admirals: ‘U

F 1 e BeapowerJuly 8, 2016. See al®tatement of the Honable Sean J. Stackley, Assistant Secretary of the Navy
(Research, Development and Acquisition), and Vice Admiral Joseph P. Mulloy, Deputy Chief of Naval Operations for
Integration of Capabilities and Resources, and Lieutenant General Robert S. Walsh,@@epuotandant, Combat
Development and Integration & Commanding General, Marine Corps Combat Development Command, before the
Subcommittee on Seapower and Projection Forces of the House Armed Services Committee on Department of the
Navy Seapower and Projeati¢-orces Capalities, February 25, 2016, p. 12.

25 For more on block buy contracting, €BS Report R41909/ultiyear Procurement (MYP) and Block Buy
Contracting in Defense Acquisition: Background and éssior Congressdy Ronald O'Rourke and Moshe Schwartz
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The Navy will spend the next year negotiating a contract for the first two hulls in the
Columbiaclass ballistic missile submarine program, in a sgpthat would get the first
two boats on contract and under construction quickly and then insetasasty lessons

learned into later ships.

Rear Adm. Scott Pappano, the program executive officer for Columbia, said last week that
the request for propoksafor the first two hulls is out and that his PEO and its industry
partners were in negotiations to get a contract in place before October 2020.

“The contract
rolling and meet thaF Y < 2 7

League’”s annual

needs
delivery,
Ssymposium.

be 1

t o n place 1in
2 he

said

Asked by USNI News after his presentation about thedwmmarine RFP [Request for

Proposals],

Pappano

said, “the 't honthgra't

I t ° s-plusincertigefee abntracty and the reason why we

picked two ships was because as we work the first ship, any lessons learned on the first

as Wwe can.

ship aren’t going
ship as they overlap.

“So the thought

he continued.

t o

processSs
and then use lessons learned from that to dofixedi c e

roll i n tolbinto thelsecand ° s

¢ o n-plusgonttact,t h o s
contracting for

is,

Pappano @ded that the lead ship will inherently have more cost risk, but he believes the
Navy will be in a good spot to move to a fixpdce contract by the third boat in the

production line?8

FY206RYI2 025

FY2020 budget s ubmi

Cell mmbsi aR &D

7TDEGH oWw¥2DBF Y29f undi n € ofl aamnHtialses
s sion.

and Procur ement

prdgnr atrhe

Table 1. Columbia -Class Program Funding
(Millions of thenyear dollars, rounded to nearest tenth; totals may not add due to rounding)

[ Fiscal
while

Ye
address

process 1is

not going

e t wo s hi
hulls 3

Fundin

Navy

Fy21 FY22 FY23 FY24 FY25
(req)  (proj)  (proj.)  (proj.)  (proj.)
Department of Defense (DOD) funding
Research and development (R&D ) funding
PE0603570N]line 047}Project 3219 80.1 60.1 56.8 54.4 44.4
PE0603595N]line 052)Project 3220 317.2 195.8 103.8 117.6 118.2
Subtotal R&D funding 397.3 255.9 160.6 172.0 162.6
Procurement funding
Procurement 28915 2,767.7 25065 2,992.8 3,347.8
Advance procurement (AP) 1,123.2 1,229.0 1,643.7 2,211.2 2,760.2
Subtotal procurement funding 4,014.7 3,996.7 4,150.2 5,204.1 6,107.9
TOTAL R&D and procurement 4,412.0 4,252.6 4,310.8 5,376.1 6,270.5
Department of Energy (DOE) funding
Naval Reactor§ Columbiaclass reactor systems 64.7 55.0 53.9 52.9 45.6

development

%Me g an
USNI NewsNovember 13, 2019.

E cFlrst 2 Golumabia SSBNs Will Have CeBtus Contract; Remaining Subs Will Be Fixedce ”
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Source: Table prepared by CRS based Wavyand Department of EnerdgyY2®@1 budgetsubmissioa

Notes: PE means Program Element, that is, a research and development line item. A Program Element may
include several project®E0603570N/Project 3219 isthe SSBN(X) reactor plant project within the PE for
Advanced Nuclear Power Systen®E0603595N/Project 3220 isthe SeaBased Strategic Deterrent (SBSD)
Advanced Submarine System Development project within the PBligy Replacement

FY2D Procurement Funding Request

Thtirst €£ébwmhti chas received $6,227.8 -geialrl i on (1.
AP funding. pTrhoep odaevdy FY2021 budget requests §$2, 8
funding, and the remaining $5,274.2 million (1. c¢
needed to ¢ dsmptloettacl tehset ibmaatte d 93 r dlc uni d thd mtn d es tt oo
requested in FYRhO2XNaapwdph¥2eWd23E.YR6gdedbudgst, 123.
mill advanee pADEundmangt f O rc ltahses orlougnrbaina, of whic
million (i.e., aboud BdaO dbandl$9h)2imi fbronhes st
subsequent boats in the program.

I ssues for Congress

Pricing of PtWpmolsed FY202

Onessue for Congress 1is whether the Navy has acc
in GohleumHias s Ppmwmolgl¥2@2ZThis is a standard oversight
acquipriogroanms . )

Ri sk of Cost Gr owt h

Overview

Another oversighths&sbnd fostCgngwehsinsthe pro
CBBand &HA®ad ships in Navy shipbuilding progra
more expensive thaebsutiidmsdich eam nts i d r Noheelyo wd e tCaBiOl
and GAO have concluded that there bigalassi gnifica
progr am.

g1
msS

Navy ofsfidiisacluss,lsaade esatrdtied ,consistentdlyass nce 20
program 1iss ttohpe pNaivoyr ity program, and that this m
the Napygrspecti wel,arsizlgedd®]l imbded, even 1if that c
expense of funding Gfiowre nottthars , Na+hye pmpgrca mso.f cos
ColumHias s pmograimtuation noifg hfti nbiet en oDtO Ds of umudci hn go n
execution o-€Isa hper dCdorhammfthiea n s eaqqfufemrt dd b iolt thtey DOD

programs, perhaps particul afThe iostshweea oNfa vtyh e hp optba

impact of -¢dlhas Lopmampriam on the affordability of
aubsequent section of this report.

27 See Congressional Budget Office Q $Q D O\V LV RAistulkYearD19 Shipbuilding Pla@ctober 2018, p.
25, including Figure 10.

28 See Government Accountability Offiddavy Shipbuilding[:] Past Performance Provides Valuable Lessons for
Future Investments$5AO-18-238SP, June 2018, p. 8.
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Navy Perspective

SYC1—e'eZ—®Z1 ZYZ+1Se1 'eZee"—2721 1 S®el Zeel ‘S—1[V-

A JamBdWa2@aNy informavobvoudepapos CdRtheaatnd aGBQ he tim
Mil estone B fcdrastshep h@gliNaabhhysecadgcno nf i demft ed I Bvted

its estimated procurement cost for the lead sh
4%to i1its estimated average procurement cost fo
me 38 it hat atthe NMindee sotfdma® ] Bulhattewds henoe ¢ % han a 5
chance that the pro<tne mwautladraens tosu to ft oC obleu ngbrieaa t
the NavyThkidnwdatPM. Navy 1nf osrtmtathee ofholplapwirn g:

The Milestone B Service Cost Position establisfiefl January 2017 is the most recent
analysis for the COLUMBIA program that updated risk estimates for Lead Ship End Cost
less Plans and the Average Follow Ship End Cost. The confidence levels associated with
the Milestone B Service Cost Position for Lead Ship End Cost less Plans and Average
Follow Ship End Cost estimates are approximately 43% and 46% respetlively.

Thkanuary Nal,y 20m2X0,r mat itohcecopdpede amelo tcwdadks pondin
esti manietd procur e me/dDEOHost s s hown 1in

Table 2. Navy Confidence Levels for Estimated Columbia -Class Unit
Procurement Costs

(dollars figures in billions of constant ZDdollars)

Average end

Confidence End cost of lead cost of ships

level decile ship (less plans) 2-12
30% $8.1 $6.3
40% $8.4 $6.6
50% $8.7 $6.9
60% $9.0 $7.1
70% $9.3 $7.4
80% $9.6 $7.8

Source: Navy LQIRUPDWLRQ SDSHU "8SGDWH RQ &RQILGHQFH /HYHOV IRU &2/80%,
January 30, 2020, received by CRS and CBO from Navy Legislative Affairs Office, February 10, 2020.

Notes: (QG FRVW RI OHDG VKLS LQF O X Gk Moduke Mihich Rras fnded thfatgiethy PLVVLOH WX
1DY\:V UHVHDUFK DQG GHYHORSPHQW DFFRXQW

SYC1 "—e’eZ—®Z1 ZYZ+1S®e1™+1 S¢1XVW _1 Scel[V-

Navy officials stated in May 2019 that during th
certain risk elements affecting the calculation
result,’s tcheen fNiadveynce | e veiladf dmcirtesa sceals tt so & 0t%i, mante e
Navy as odaMadglh2a0d 4 h80% chance that the procur et
ColumHiass boats will tutnthet Naovybesgimates h tha

®Navy 1inf or nlipdate omConfidepce lrevels for COLUMBIA Lead Ship and Follow Ship J anuary 30,
2020, received by CRS and CBO from Navy Legislative Affairs Office, February 10, 2020.
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that 1t willtltar nwhartt tthbe b¥adyg sesstimates. Navy o
2019 that a confidence 1evesl eosft inmh% ei st owhbeer.e t h e

CBO Perspective

An Oct O BIO 2@ pbort on tshes hciopsbtu iolfd itnhge pNaovgyr a ms s t
folhgwewmphasis added)

The cost of the 12 Columbia class submarines included in the 2020 shipbuilding plan is
one of the most significant uncertainties 1n the
shipbuilding costs ...

According to the Nerthgusand tens for thenfirst Golumbialweuldc o s t
be 14 percent less than that of the first Virginia class attack submaaimémprovement

that would affect costs for the entire new class of ballistic missile submarines. The Navy
anticipates lower costs p#rousand tons for the Columbia because it plans to recycle, to

the extent possible, the design, technology, and components used for the Virginia class.
Furthermore, because ballistic missile submarines like the Columbia class tend to be larger
and less desely built than attack submarines like the Virginia class, the Navy maintains

that they will be easier to build and thus less expensive per thousand tons. The Navy has
stated, however, that there is a 50 percent chance that the cost of the first Cohanbia a
subsequent ships of the c¢class will exceed its est
9 percent greater than the Navy’s.

The costs of lead ships of new classes of submarines built in the 1970s and 1980s provide

little evidence that ballistic midsi submarines are cheaper per ton to build than attack

submarines ... The first Ohio c¢class submarine was n
ships of the two classes of attack submarines built during the same-—pthed.os

Angeles and the Improved Los Aglgs. (The design of the Improved Los Angeles included

the addition of 12 verticdhunch system cells.) In addition, the average-tmsteight

ratio of the first 12 or 13 ships of the class was virtually identical for the Ohio, Los Angeles,

and Improved.os Angeles classes.

Moreover, although the cost by weight of lead ships for submarines had grown
substantially by the 1990s, there was still little evidence that submarine size affected the
cost per thousand tons. The first Virginia class submarine, wdslordered in 1998, cost

about the same per thousand tons as the first Seawolf submarine even though the Seawolf
is 20 percent larger and was built nine years earlier.

CBO estimates that purchasing the first Columbia class submarine would cost $14.0
billion, $700 million more than the Navy estimatesEstimating the cost of the lead ship
of a class with a new design is particularly difficult because of uncertainty about how much
the Navy will spend on nonrecurring engineering and detailed desigiuding
appropriations from 2017 to 2019, CBO estimates that, all told, 12 Columbia class
submarines would cost $95 billion (of which $90 billion would occur between 2020
and 2036), or an average of $7.9 billion eaéh$700 million more per submarine than
the Navy estimates. That average is based on the $14.0 billion estimated cost of the
lead submarine and an average cost of $7.4 billion estimated for th&*2hrough 12"
submarines. Research and development would cost betwee$il4 billion and $18
billion, CBO estimates.

Overall, the Navy expects a 14 percent improvemenhéncostto-weight ratio of the
Columbia class comparedith the first 12 submarines in the Virginia class. Gitka
history of submarine construction, however, CBQess optimistic than the Mg. CBO
estimates that thidavy would realize a 6 percent improvement, stemrivirgart from the

30 Source: Navy briefing on Columbia class program for CRSGB@, May 13, 20109.
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projected savings attributable to tbencurrent production of the Columbia and Virginia
class submarines.

The costs for the Columbia class submarines coultbwer than the Navy and CBO
project, depending on the acquisition strategy. The Navy is purchasing the submarines
through the National SeBased Deterrence Fund, which was established by the Carl Levin

and Howard P. “Buck?” Mc KatiomActlforFRistabYear 2015De f e ns e Aut h
(PublicLaw 1122 91 ). The Congress appropriates money for

main shipbuilding account, and then DoD transfers money into the fund. The Navy could
realize savings from special procurement authoritise@ated with that fund, such as the
ability to purchase components and materials for several submarines, and possibly for other
ships, at the same time.

Further savings could be considerable if, for example, lawmakers authorized the Navy to
use a bloclbuy strategy—an approach it has used with other types of ships. A Hogk
strategy allows the Navy to purchase a group of submarines over a specified period
(effectively lowering the price of the ships by promising a steady stream of work for the
shipyard$ and to buy components and materials for the submarines in optimal amounts
that minimize costs (known as economic order quantifie®ne disadvantage of the
strategy is that if lawmakers later decided not to build all the submarines, materials that
were purchased for the unbuilt ships might go unused. A blgk strategy might also

leave the Congress with less flexibility to change procurement plans or to purchase fewer
submarines if lawmakers did not approve of how the program was progressing.

Costs fa the Columbia ¢l ass submarines coul d,
CBO’s =estimates. The new SSBN would be the

has ever built. It is expected to reuse some technology and components from the Virginia
class sbmarine, but it would also include many new elements, such aseledlic drive
system, an Xstern ship control system (where the rear rudders and dive planes are shaped
like an X, rather than a + as on the Ohio class), a new missile compartment)uahelaa
reactor that is designed to last the entireyd@r service life of the submarine. One
production challenge that has already occurred on the new SSBN is that its missile tubes
required many welds to be redone, further tightening the Columbiasdhedule. Such
challenges are not uncommon on lead ships, and they may indicate future difficulties. First
ships of a new class often experience substantial cost grawth

GAO Perspective

An

April 2019 GAO x<d¢pest po otghted df o6vei mtgmbd i a

The Navy’s $115 billion procurement cost

on overly optimistic assumptions about the labor hours needed to construct the submarines.

While the Navy analyzed cost risks, it did not include maigits estimate for likely cost
overruns. The Navy told us it will continue to update its lead submarine cost estimate, but
an independent assessment of the estimate may not be complete in time to inform the
Navy’s 2021 budget r esgthelead submarin€. dMithout these t
reviews, the cost estimateand, consequently, the budgemay be unrealistic. A reliable

cost estimate is especially important for a program of this size and complexity to help
ensure that its budget is sufficient to exe the program as planned.

The Navy is using the congressionadiythorized National SeBased Deterrence Fund to
construct the Columbia class. The Fund allows the Navy to purchase material and start
construction early on multiple submarines prior toereing congressional authorization
and funding for submarine construction. The Navy anticipates achieving savings through

31 Congressional Budget Offic§Q $QDO\VLV RI WKH 1208hipbuilding PIBn@ctobeD2019, pd.9-

22.
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use of the Fund, such as buying certain components early and in bulk, but did not include
the savings in its cost estimate. The Navgynhave overestimated its savings as higher
than those historically achieved by other such programs. Without an updated cost estimate
and cost risk analysis, including a realistic estimate of savings, the fiscal year 2021 budget
request may not reflect fding needed to construct the submafthe.

CosPtl dsncent i ve BFlecec KOQ&PolyFr)a c t

Another aspect of the 1ssue of the iskhtefmtcdsot
use Pplauaascent i veblfoecek (b@PI Kl)ont r gpati creadt bd ro ctkh bm ya
contract to procure the dduwmlsdgute weo HePhlckmmsti inagc tah e ¢
will 1increase tohne trhies kf idrfsctaiotswesn giuhditaptisie | d d e s
fronmcht hoef financial 7risk nowi tcho sat rgerdouwctehd ipnrcoevn tdii
ntr ollh ecyo sctost. hdh t a wghu ch ausst chep tNmypvpyo nt fac t ke a d

ips in other shipbuilding imrgo gorafemss,e-a hhh gvoNavy i
ock buy contract, extending the risk of cost g
uld argue that while insulating builders from
s been a trmglidcddmsmniade saqtiipbm, ltdie risks in this
vsy strategy of  berliansgsi ndge stihgen (Gool uambhiiagh st ate of
artin construction on the lead ship.
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g
t erco-plfu sucso pnfgeoaagltdgtuhehdi ng 8ot raditional app
ocuring a lead ship in a Navy shipbuilding

s er veéss parso ttohtey pper oagrda ntlwdivetsrhs ps e stma st it dale r 1
aimtgi eons ¢ g,aacedvieonn wiotsht sa design that has b
mpletion prior Theytgueattihgt cohssgructpaoamnticu
, given that this 1is thestfdreéondwenrnabsoshop 1in

y3%Tahresy could argue that builders wibf still h
e incentive fee ithuetwle r & echonsdta ¢gtr,o watnhd - ibne ctahues eC o
ass program caval Hfaobrt dout clpec o foullnadeiyinged p o gr e ment o f
r gcilnaisas c k t s gtbimatr itnlee s e firms also build.
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Anot her oversighthessuskfof C€Coompfhumedibntgeldali kemg e s
suchapses in appropriations orwheerns tRfGRntdisodns o n
under continthag cesblluteeds)o delhygadin designi
Col umtdibasmsa nd harveiandgy iftor i1its schedul ¢d whrint iial de
to deploy 1in the -opllascse TS Bfchhee dfuil res nfdorre tdiersiinggn
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32 Government Accountability OfficeColumbia Class Submarine[:] Overly Optimistic Cost Estimate Will Likely Lead
to Budyet IncreasesGAO-19-497, April 2019, summary page.

33 The lead ship in the Ohiclass SSBN program was procured in FY192% years before the scheduled FY2021
procurement date for the lead ship in the Colurdtdas program.
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At least two technikeadn crhieard dtreltneg &Cdo d buawhg rmaprdgar @ and y

first repinvobding 20%andk catfrotch enrorteopriomw v celdv iimg 2 0 1 8
faulty walsds mimsstiHe fiiube sect PNavsybeffigcbalidthd:
statedi thatcmdl t heges j esopbaoradtichelllafl kg floeady for

first patrol in 203regcogniparng befamusict thad Nmoty b
sections iha dnathwyi Imte mnrabrsg ionf i nt o t he schedule for
missile t@ublki seict mmmsvsphactuwhng of missile tube s
ahead of fabrication worKheonpodthlempwirttls tolfe t wel
r e poratbesdoluy e dwo nltShs of t hat mar gin, b8otr emwenr afte
mont hs ofamnegjnamé mt he Navy i1is working to regai

Technical chal lvamrgpeasr $cso uolfd tahteih ss¢h impm y Omeararcel os e
wat ching’sisl#dhkcd vyekcipp opul sion system, which 1is q
me ¢ hcaadli i ve s yst e nma vuys endp oitwe noetdh es¥fu bNnar i ne s .

Until such time that the Navy can finds ways to g
schedule, the program appears to be in a situatd:i
things can go wrong, between now and 2031 for th
203%In assessing this situation, itclkasnsbe noted
progs asmt atus’sad oppheprNodvyty program means that th

34 See, for examplelohn Grady Ndvy to Congress: Columbizlass Submarine Program Still on Schedule with Little

Margin for Errot USNINews Mar ch 21, 201 8; J ubmarinePr&atypelaskirat Glitch, Co 1 u mbi a S
The Day (New LondonMay 5, 2017Anthony Capaccip Navy Sub ©verheating Motor First Glitch in $126 Billion

System Bloomberg May 4, 2017. See also Government Accountability Off@@umbia Class Submarine[:] Overly

Optimistic Cost Estimate Will Likely Lead to Budget Increa&#s0-19-497, April 2019, p. 19.

%See, for examplTehe DSy ThrAcBuisitionRriority StumblesOut of theGatg Defense
News August 6, 2018; Colin Clark and Sydney J. Freedberg Jr

Fl ags ABreakingpefehse August 7, 201 8; Ben WernerglassSNte vy Evaluatin:
Delays Caused by MiJSNiNews TAumubgeu sWe 18d, 12s0slu8e;s ,J"as on Sher man, “S
Welding on Subs Wor king tlosiddithedNavyAugust H0d2018;BenpMernas,f De fect s, ”

“‘“SubstanttdhdsCMiembie Tube Weld Fi xUSM NewsNavember7,$27 Milli o

2019; Megan Ec ilass Rragram UppidgdOversightt of ¥endors, Components to Stave Off Further

De | aYSNI NewsNovember 8, 201®Raul McLeary Naty Rushes To Check Contractors After Submarine

‘ De b,d Bréaking Defense Nove mber 8, 201 8; Dan Leone, “Welding Mistak
Bi gger Probl em ThDefenseBDailyNovelbheoru goh,t ,2°0 1 8; Mar jorie Censer, “BY)
Takes $27 Million Ch ar lgsidetheoNavyNdvembei 1P,2018; dubtia Kak and Malleéry ”

Shel bourne, “Navy Conduct4ih g s Ne 8 ubmsa plrsidethe NaysNoventberC &1 u mb i a

12, 2018.

See also Government Accountability Offié@glumbia Class Submarine[:] Overly Optimistic Cost Estimate Will Likely
Lead to Budget IncreaseGAO-19-497, April 2019, pp. 120.

36 The Navy in the past has built two electtidve nuclearpowered submarinesthe oneof-a-kind attack submarine
Tullibee (SSN597), which was commissioned in 1960 and decommissioned in 1988, and-ihfeaskiad attack
submarine Glenard P. Lipscomb (S8B5) which was commissioned in 1974 and decommissidn 1990. Those two
submarines, however, were designed many years ago, and used-éteariechnology that was different from that in
the Columbiaclass design. The Navy in recent years has built some surface ships with-diaerigropulsion
sydems, including 14 Lewis and Clark (TAKB dry cargo ships and three Zumwalt (DR2G00) destroyers, but the
electricdrive technology in those shiphough more modern than that of SSNs 597 andi&bfferent and in some
respects less advanced thaatthlanned for the Columbigass design. The Navy has never before built a series
productionnuclearpoweredsubmarine class with electrilrive propulsion, and has never built a ship of any kind
(surface or submarine) using the combination of advaneetrieldrive technologies planned for the Columblass
design.

S%For additional discuss i €aumbiaClass ProgramiMustNavigate $eaof Rigke n Har per ,

National Defense Nove mber 5, 201 8; Dan Leolns,od OCdli wvmbrisa SRmag rCom f Me
Defense DailyFebruary 28, 2019.
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claimant for funding and personnebk)(thatudiamgber
used to reduce the r1risk of occurrence’sof technic
203 1phatrotd date. On the other hand, ictl asasn be n
progr am, l1ike the hliepabdaisl diimsg ipm omasatmsfNa iy ss er vi
prototype, creating an inherent 7risk of technica

NavBerspec$aihkedohe Risk

To help mitigate the risk of technichsl 2dBallenge
fipaotlr date, the Navy has been working to genera
designing and building the lead boat, so as to g
thereby make the schedu®At lac sM2rbctl (2t h,ea minudg mbe £ o
the Seapower subcommittee of the Senate Ar med Se
programs, Navy officialcsl atsess tpirfoigerdamt,hat for the

the Navy is implementing Continuous Production on selected shijpyandifactired items

to reduce cost and schedule risk and help strengthen the industrial base with a focus on
critical vendors. Advance Construction activities are set to start in June 2019 at General
Dynamics Electric Boat and Huntington Ingalls Industii&svportNews to proactively
manage schedule margin and reduce controlling path risks for COLURMBIA.

The Navy has been working for years -ctloasnsi tigate
dess galdctvecsystem tdeoeglpanecthktixnpenl oukdeegsy t e st i ng
and validabasadwtompba®®dt prototypes.

A May 8, 2019, tpbeecefel topdpng states

The Navy will have the most complete design ever and will be well into construction when
the “official s tthe lead Columbizlasballistic missile subonarineo n

E}

occurs on Oct. 1, 2020, the service’s program man

Capt. Jon Rucker said this week that his Columbia class of SSBNs is on a tight sehedule
not just to deliver the lead ship in time for an Octdd@30 first patrol, but to deliver each
subsequent ship on time for their own patrols too, as the-€dws boomers retire in rapid
succession. But his program is managing the risks associated with the tight timeline as best
as it can, including bumpingouguite a bit of work before the construction phase officially
begins.

While October 2020 is the official start of construction, Newport News Shipbuilding will

kick off its advance construction efforts on June 7, he said, and prime contractor General

Dynam c¢ s’ Electric Boat is already doing prototypi
Whereas lead ship USS Virginia (SSM4) was only 1 percent complete when its

%See, for example, Megan Eckstein, “PEO Subs Working To Bu:
USNI NewsNovember 1, 2016.

39 Statement of The Honorable James F. Geurts, AssiSeametary of the Navy for Research, Development and
Acquisition ASN(RD&A) and Vice Admiral William R. Merz, Deputy Chief of Naval Operations for Warfare Systems
(OPNAV N9) and Lieutenant General David H. Berger, Deputy Commandant, Combat Developmeregnation &
Commanding General, Marine Corps Combat Development Command, before the Subcommittee on Seapower of the
Senate Armed Services Committee on the Department of the Navy Fiscal Year 2020 Budget Request for Shipbuilding
Programs, March 27, 2019, .

401t might also be argued that while developing the eledlrive system involves overcoming certain technical

challenges, developing a mechanidale system for the Columbigass program would have involved not

insignificant technical challenges it§ own, and in the end might have produced a system that could not meet the
Columbiac 1 ass’s performance requirements, which are more deman
class.

Congressional Research Service 17



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

construction officially began, USS Columbia (SSBR6) will be 11 percent complete,

b

Ruckersaidwhie speaking at the Navy League’s annual Se:

“We are trying to g eiskthisprogiath soowe can achievethat r ve t o de
schedule, ” he said, -class bdomegs woutdabe the largestCol u mbi a
submarines ever builh the United States.

The approximately 420 ship specifications and requirements are completed, he said, and
the 4,100 design arrangements are about 97.5 percent complete. The Navy is already 44
percent through finalizing the 4.650 design disclosuresisia track to be 83 percent

done with the disclosures at the start of construction. In comparison, USS Ohio-(SSGN
726) was just 2 percent through disclosures when its construction began; USS Seawolf
(SSN575) was 4 percent complete, USS Gerald R. FordN@®) was 27 percent
complete and Virginia was 43 percent complete.

Rucker called this drive to be largely done with the design discleswwbgh outline not

just the design but the measurements, details about the material, how to build the
component and are—an effort to save time and money and to reduce risk, since it will
avoid changes later on that will cost time and money.

Rucker also announced that, in support of the propeller and propulsor, which take four to

five years to bu iofthe |eadshithGoluntbia was pouredoomiplay d.e n t

S0 175,000 poundsl wo n * t tell y ou wh at175,000 pounds, firkt’ m n o't all ow
component for Columbia, on schedule.?”

The captain made clear there is still risk in this program, which Navy leadeegiilarly

acknowledges is the service’s top priority and wi
but still remains r1risky due to the tight schedul c
John Richardson told 1 awma KReghutsjustorschedule.]l v t hat “ we
We are on cost, but just on cost.?”

Rucker said in his —hgwevercthey arelriaks that welunderstanca r ¢ 1 i s k s

k) 2

and we’re proactively managing.

Perhaps somewhat counterintuitively, the Navy is reducing some schistudy adding
concurrency to the programcrunching the amount of time between the design process
and the construction process in certain areas of the submarine where the design is simpler
and needs less time for review before construction begins.

Ruckertold USNI News during his presentation that the Navy likes to have 52 weeks

between design and construction. However, “there
decision to reduce that down to about 30 to 40 weeks. So we reduced it, but in those areas

we ae micromanaging it every day as we go through, and so we feel that risk is perfectly
manageable. Mo s t o f t h-ét wauld beflike the sfructural stuffh e c omp 1l e x s
it’s the basic building a deck, building a founda

Pulling some of this construction ahead despite what on paper looks like more concurrency
risk is what will allow the program to reach-p&rcent completion before construction
officially starts.

“That concurrency 1is mnot wheasti gynoiun gwoiutl da ntdh itnhke yt hr:
building it in par.allel,” Rucker made clear.

Richardson said in his recent testimony to lawmakers that he and Navy Secretary Richard

V. Spencer “have made it very clear that, l ookin
that will inevitably arise during testing and everything in such a complex program, we need

to work diligently to bu*ld more margin into the

“Me g an E cNaw:tUSS Golumbia Will Have Most CompéeDesign Ever at Official Construction Start
USNI NewsMay 8, 2019.
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An (bcetro 8, 2019 press report states

The U.S. Navy’ s -generatign ballistiorfissile submarn€SHRNY, the
Columbia class, is on track to start construction on time, but the program has a tight
schedule with little margin for delay, the program manager said.

"

“Our biggest risk today is the supplier base, s a

the Columbia SSBN, speaking Oct. 8 at the eighth annual TRIAD Conference in the
Washington, D.C., area.

Rucker pointed out that when construction of the current Ohio class began, a supplier base
of 17,000 companies contributed to the materiel and systemthd boat. Today, the
Columbia program is pressing forward with only 3,000 suppliers.

The supply of skilled shipyard workers also is a concern to Rucker. He noted that General
Dynamics Electric Boat, the prime contractor for the Columbia, is increasimgrkforce

to 20,000 from 17,000 workers. But the hiring is drawing skilled workers from naval
shipyards that routinely maintain subs and carriers.

Rucker said that robots have been used in building the Common Missile Compartment for

the Columbiaclass nd t he U. K. Ro y a-dlassN6SBNyRobotsDsedtia d nough't

welding the missile tubes to the bottom of the hull section took 44 minutes and 8 seconds,
compared with 4 days for a human worker.

Electric Boat has invested $1.8 billion in facilities boild the Columbia class and
Huntington Ingalls Industries?’

Ne wport Ne ws

Ship

million to $900 milliontosupper t he construction, Rucker said...

Rucker noted that the Columbia program has a high design maturity, witiga theg will
be 83% at construction start. By contrast, the Ohio design was only 2% complete at
construction start

“We make ssfeblwe kegpi¥ements,” he said.

GAO Perspective on Schedule Risk
An April 2019 tGhAeO froelploorwi nsgt at e s

We found that the Navy continues to experience problems with the electric drive of the
integrated power system that could potentially affect construction of the lead submarine.

A manufacturing defect t hat arépfeseatatived t he

propulsion motor required extensive repair that consumed 9 months of schedule margin at
the landbased test facility. The Navy now plans to test the motor at the same time it had
originally scheduled to make any final design changes before starting pooduttis

could constrain opportunities to implement timely, corrective actions if problems are
discovered during testirfg.

or e
019 GAO rehborfoktawicudg

The Navy’s goal is to complete a significant

design—83 percent-before lead submarine construction begins in October 2020. The
Navy established this goal based on lessons learned from another submarine program in an
effort to help mitigate its aggressive construction schedule. Achieving this goal may prove
to be challenging as the shipbuilder has to use a new design tool to complete an increasingly

“2Ri char d RColuBhiaPrwgramsManader: Missile Sub Still on Schedule, But Suppliers Present Biggest
Risk for Delay S3eapowerOctober 8, 2019.

43 See also Government Accounitidip Office, Columbia Class Submarine[:] Overly Optimistic Cost Estimate Will
Likely Lead to Budget IncreaséSAO-19-497, April 2019, p. 19.
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higher volume of complex design products The shipbuilder has hireddditional
designers to improve its design progress. The Navy also plans to start advance construction
of components in each major section of the submarine, beginning in fiscal year 2019, when
less of the design will be complete

The Navy is attempting tmitigate an aggressive schedule for lead submarine construction
by (1) setting a goal to mature a significant amo
start of construction and (2) beginning advance construction of submarine modules prior
to October2020. The shipbuilder is working to improve design performance and would
have to maintain this increased pace to achieve its design goal, which is necessary to
mitigate schedule risk associated with constructing the lead submarine. This may prove
challengng as it must complete an increasingly higher volume and complexity of design
products. At the same time, the Navy is continuing to develop several critical technologies
and recent manufacturing defects with the integrated power system and missile ¢ubes ar
among the challenges that the Navy is facing in ensuring timely delivery of critical
components to the shipyatd.

AMay 260AIeport assessing selected major DOD weap
additsonablythe folCowlwimbias s gpr dgngmt he

Technology Maturity

The Columbia class program identified two critical technolegiascarbon dioxide
removal system and the stern area system, the details of which are classified. The program
expects the carbon dioxide removal sgst® reach full maturity in late 2019, while the

stern area system is still immature.

In December 2017, we reported that several Col umb
definition of a critical technology element were not identified by the Navy asadriti

technologies. Specifically, the Navy did not follow best practices for assessing critical

technologies. When we applied these best practices, we identified four additional critical

technologies that the Navy excluded. These include the integrated pgstem, the

propulsor/coordinated stern, the common missile compartment (CMC), and the nuclear

reactor. Of these, only the nuclear reactor is fully mature as of late 2018.

The Navy expects the CMC to reach full maturity in 2019. However, officials repiwde

in July 2018 the shipbuilder identified significant weld defects in CMC missile tubes from
one of three suppliers after the supplier had already delivered seven tubes to the shipyard
and installation work had begun, resulting in rework. Officialghter report that the
shipbuilder found defects affected five additional tubes. Program officials attributed these
defects to inexperienced welders and weld inspectors. The Navy estimates that, as of
January 2019, the CMC consumed 52 percent of its sahedaitgin. Should the Navy
discover additional CMC deficiencies, the planned construction sequence for the lead
submarine will be jeopardized.

Further, manufacturing defects have delayed del i
(IPS) first productiorrepra e nt ati ve mot or . The Navy plans to r
schedule margin by testing it while the supplier
Consequently, any new deficiencies discovered in testing may require the supplier to

modify its design, whichcdud del ay the lead ship’s TIPS motor pr

Design Stability

The program office plans to complete the basic and functional design prior to the lead
submarine’s scheduled construction start, in Octo
the shipbuilder has already begun building sections of the submarine, with 95 percent of

44 Government Accountability OfficeColumbia Class Submarine[:] Overly Optimistic Cost Estimate Will Likely Lead
to Budget Increase$SA0-19-497, April 2019, summary page and page 12.
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the basic and functional design complet level slightly below best practices. Further,

the Navy has determined that the shipbuilder needs to complete 83 percent ohithe det

design—the most complex design phases down to the lowest level of the submhbyine

October 2020 to meet its cost and schedule goals. Currently, the shipbuilder is behind

schedule because it has yet not achieved planned efficiencies with new desigmesoft

The shipbuilder increased its design staff by 18 percent in an effort to reach the design goal

on schedule. However, the program’s plan for ach:
assumptions about the final form, fit, and function of critical nedtgies—and how those

technologies will perform in a realistic environmerthat the program has yet to

demonstrate.

Production Readiness

By beginning to build sections of the submarine starting in December 2018, the Navy
believes that the builder can aet an aggressive 84donth construction schedule.
However, this is 2 years prior to the planned request for fiscal year 2021 authorization to
start construction of the lead ship.

Other Program Issues

ram’s
rogram

In a April 2019 report, we made several recommendations i mpr ove the pr o
estimate. Specifically, we found that the
is not reliable because its estimate is based on overly optimistic assumptions about the
labor hours needed to construct Columbia ctagsmarines and did not include any cost

margin in case these assumptions are not met. While the Navy analyzed program cost risks,

it did not include enough margin in its estimate for likely cost growth. The Navy plans to
update the cost estimate for tlead ship, but it may not complete this update in time for

its fiscal year 2021 budget request, which will seek authorization and funding for lead

submarine construction.

g
P

Program Office Comments

We provided a draft of this assessment to the program offiae¥iew and comment. The
program office provided technical comments, which we incorporated where appropriate.
The program office stated that it intends to provide needed capabilities on schedule and at
an affordable price by committing to stable requieats, achieving high design maturity

at the start of construction for the lead submarine, improving manufacturing and
construction readiness, and aggressively working to reduce costs. It also said it plans to
complete 83 percent of the design by constouncstart—more than other recent submarine
programs. The program also stated that it plans to update its cost estimate in 2019 to inform
lead submarine funding. The program noted that the Navy recognizes its supplier base
remains a high risk to constructioeadiness and continues to devote increased oversight
on manufacturing issues and readiness assessments. The program said it continues to
comply with all Navy, Department of Defense, and statutory requirements for managing
critical technologie4®

ProgAdmordability and Impact on Ot her
Shi pbuiPlrdigmga ms

Anot her i1isss#end ot h&£b n gfboecsussendr sosne avee oanl ¢ teylreaasr s
potential 1 mpacclta sosf ptrhoeg rCabnk tomawv fhul 1 dbitedhge r f dNra v y
prongsr,a including otherpahipbulbhitpgdpodegE¥MB2O6
FY2035, when the Navy pdlaansss tho @trhogcrmurmrtely ioanges Choel ludr

45 Government Accountability OfficéVeapon Systems Annual Assessment(:] Limited Use of KnowBecgel
BUDFWLFHV &RQWLQXHV WR 8§ GADHYIBBESK, VayRU19,@YIBA/ WP HQ WV
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equewbkt growth idd atshhe P@wlgutmhboi ac a onifee¢thi d ks ofis s et

growt h 1 n ctohuel dp rroegirnatmb)otah¢e cpoontceenrtnisal i-mpass of t1
program on fundingotthaetr Wially Ppa ogvaimsabliaciladin
progrEamsn without souwmehvecrqgs tt hgrsowtslmaeh svoudbfl r e mai
concern

Starting in FY2026, when theldNasybphanpetroypgnocH
period of 10 years, the-cNawvy o5 0Dgmatweaswialnhtat eghe 1
FY2019sdomdgdhlry pSe7r byielalri oimn p*®S8eweemé¢ntyefinndage,

the Naykipbuilding budget was beingyefaurn,ded at a
observers were concénmnedptrhbgtramhedu€Ch¥2gdmdbpShe per i
could absorb as muchhopbhonldi ogd bhegdNayvyleaving
available for all other Nasty scdcvpriNaliviydd snrgs ,p rtolge a
shipbuilding budget has been increased to an anr
In a context of a shipbuilding buddlgaests of roughl .y
requirement f or yreoaurg hdloye s§ 7n obti 1l1loioomn apserl ar ge pr op
Concerns remain, hbwevavdilladbwlue ff atm dbtiflmne tphreorc ur e
kinds of shkips.polfhe oMueaigtrs sFhYi2p0b2ul0i tl3dki nfgo Ipll ami mg at

The fisal impact of the new SSBN begins in FY2023 with advanced procurement
[funding], and then increases in FY2026 with full annual procurements. This represents
Navy’s largest f i-termablidgets fard1cobuld nngpact theopace afe a r
procuring other lsip types— potentially causing a drop below the steady profis®wn
elsewhere in this repor].

At a March 27, 2019, hearing PSefhtrmed hSe rSweiaposwve 1
Commit Neeyosmhipbui,l] dNianvgy porfofgrkamasl s testi fied

t he COLUMBI A Cl as s program remains the Navy’s n
program and is on track to start construction in October 2020 and deliver to pace the

retirement of our current ballistic missile submarines, deploying for its first patFeY

2031. To better align focus and resources and ensure successful delivery of this program

to the Fleet, DON has established Program Executive Office COLUMBIA. Additional

resour ces a b[ludget]topliheewill Nearequired for the Navy to fdrserial

production of the COLUMBIA Class SSBN and maintain its planned shipbuilding

profile 28

The creatNiadn omBaalstebde aDet e NE BPEmwd Ftulnel dmending of
statute governing the fund t obe nwilcoweed sapse ci al

t
a
response to cpoontceenrtnisa la biomiptacctth sosf ptrhoeg rCaoml uommb ifau n d i

46 See U.S. NavyReport to Congress on the Annual LeRgnge Plan for Construction of Naval Vessels for Fiscall
Year 2020 Figure A41 on p. 18.

47 See U.S. NavyReport to Congress on the Annual LeéRange Plan for Construction of Naval Vessels for Fiscal

Year 2020 p . 7. A similar statement appears on page 17. See al
for Columbia SSBNs to Accelerate 385h i p B3N¢News "Nove mber 27, 201 8; Rich Abott,
Separate Funding For ColumbiabSe Defense DailyNovember 30, 2018.

48 Statement of The Honorable James F. Geurts, Assistant Secretary of the Navy for Research, Development and
Acquisition ASN(RD&A) and Vice Admiral William R. Merz, Deputy Chief of Naval Operations for Warfare Systems
(OPNAV N9) and Lieutenant General David H. Berger, Deputy Commandant, Combat Development and Integration &
Commanding General, Marine Corps Combat Development Command, before the Subcommittee on Seapower of the
Senate Armed Services Committee on the Depent of the Navy Fiscal Year 2020 Budget Request for Shipbuilding
Programs, March 27, 2019, p. 6.
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role of SSBNs in deterring such threats as e
l uetnlcee dt ebryms of strategicRaddeciang arhmse mwmh
BNs below 12 could also raise a question as tc
meported at both Bangor, WA, and KiTrhgs Bay, GA
vsy posthaemtrreguirement for having a certai n
anslates fioatowe ao-thlekds Obbaoaths ,s armdjati rktmemat i
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IndusaBlase Challenges of Budddling Both
VirgiChiass Boats

Another oversight ipoeunentfoahdloroamgaktsbli abgescrafs bu
both Cellumbi doatscl and &dtitrtgechisubmarines (SSNs) ¢
particularly as @procuarembmar ofeVishkififa to produ
version ofcltalbes Miersgiigmmi at hat 1 msdhdmppesreattadas nam aaddcEid
Virginia Payl 0®%0d sMa dwelres (hViPéd) ne xapbroeusts etdhsec oinncd u's t r
capacity for bunhdi ¥Vgrl bbootmhtasC owiutnhboivat encounterin

49 Congressional Budget Offic@ptions for Reducing the Deficit: 2014 to 202Bvember 2013, pp. 6&9.

50 See, for example, Congressional Budget OffiRettinking the Trident ForceJuly 1993, 78 pp.; and Congressional
Budget Office Budget OptionsMarch 2000, p. 62.

51 Debt, Deficits, and Defense, A Way Forward[:] Report of the Sustainable Defense TasklEoec&1, 2010, pp.
19-20.

52 Benjamin H. Friedman and Christopher Preble, Budgetary Savings from Military Restraint, Washington, Cato
Institute, September 23, 2010 (Policy Analysis No. 667), p. 8.

S 6WUDWHJLF $JLOLW\ 6WURQJ 1DWLRQDO 'HIH Qivhsbn, RvdsiirRGDTV20M8,REDO DQG )L
p. 29. (Sponsored by the Peter G. Peterson Foundation, Prepared by Stimson, September 2013.)

54 For further discussion, s&RS Report RL33640).S. Strategic Nuclear ForcesaBkground, Developments, and
Issuesby Amy F. Woolf

55 For more on the VPM, s€8RS Report RL32418\avy Virginia (SSN'74) Class Attack Submarine Procurement:
Background and Issues for Congrelsg Rorald O'Rourke
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or

other production problems in one or both of t

submarine condtbusti 6o ermxdeuteian eventual proc?
equippedclMVaisrsgibnoiaat s «ihddsoendbo@dl pmbbi y ear have bee
recent reports of chal lceonngsetsr ufcatcieodn bsyh itphyea rtdwso (sG
HI I/ NNS)a, s assu bwmealrli ne component supplier firms 1in

for
t wr

Vot gsni boat sclaass st hper Vg wrgmntimansi tions over t
e g'uiMiarrgci lnaisas boats perquyeare dt b BPaotmste iYaRIM y e ar .

oversight questions for Congress 1include the fol

nd t he submarine builders

Do the Navy a a
rial baseCdloumhhidpogd awarious p

t he 1 ndust
wor kl oads ?

Wh a t steps three stulbenaNawne, buil der s, and submar
taking to bring the capacity of the industri
S
o

gree
ot en

desired ubmarine procurement rates? What ar
portion f t hese coovsetrsn meinltl? be borne by the

Regarding the second dbrmull1et2 pbd ntpradsosver, e mo MNto vsetr

The Navy and submarine builders General Dynamics Electric Boat and Newport News
Shipbuilding are executing a recovery plan to get Block IV Virgoléss submarine
production back on track, after the last five submarines in Block III delivered late.

The Virginiaclass program had previously been held up as a model of efficient
procurement, as the boats were deliveringcost and orschedule—or at times beating
costand schedule-and former Navy Secretary Ray Mabus grew to joke about the program
as having a punebard rewards program to get 10 subs for the price of nine. Delivery times
also dropped from 84 months to 72 and then to 66, on their way down to 60 months for
Block IV.

But as the program moved from building one a year to two a year, the subs stopped
delivering on time.

El

“The way we build our submarines, there’s four su
two built at EB, two built at Newport News. From theiodule perspective, they have to

deliver a module (one of each kind) every six months. And you look the entire fabrication,

from the pipe shoptopfabtosubmo dul es t o modules, when you’re at
two per year, every part of that assemblye linust be on cadence. At the {fab, at the

submodule, the footprint, the people, the tools, the procedures. So what we learned is, if

you get out of cadence in any part of that step,
test. So t hat s Relrat AdanmppDme i d Goggins, the progrt

56 See, for example, Government Accountability OffiCeJumbia Class Submarine[:] Overly Optimistic Cost Estimate

Will Likely Lead to Budget IncreasdSAO-19-497, April 2019, pp.2@ 3; David B. Larter, “Late Is
for Virginia-C1 a s s At tDefefiseN@wsa Marth 20, 2019; Megan Eckstein, “Navy
Slowing Down MaintendJSNIRNews NMavr €Clon26é r u2®i19n, David B. Larter,
Seeking Savings, Shakes Up Its Plans for More Lethat /2 ¢ k S u Defiease New#\pril,3,°2019; Anthony

Capa
Mc Le
Lart
16,
2019
22,

ccio, “U.S. Navy Sub Fir epoBleomberigpugustad 2019DRalla yed by Wel d
ary, “Weld Problems Spr BeakindlDefenSedugusinld, 208 dagB.Sub Pr ogr a m,
er, “Questions About US Navy Att ackDefenseNeWAugustr am Linger
2019; Emma Watkins, “Wil-Tublb d eP UNafonal IMiérégtpugistol®, n Ha ve a Mi
; David MO Rachaerds AsDECpart s, US PDefenseaNewsugust Bui 1 der s F
2019; DaAfter aleaBershifshakeup atrGeneral Dynami@aMurky Future forSubmarine

Building, Defense News Oct ober 28, 2019, Rich Abott, “Navy Says Virgi
R a t Beferise DailyNovember 6, 2019.
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for submarines, said in response to a USNI News question during a gtesfianswer

B

session at the Naval Submarine League’s annual sy

“So the companies have Wehavethe mgirics Andthekey recovery pl
thing is getting back to cadence across the entire production line, from the pipe shop, pre

fab, submodules, modules and final assembly and test. Our plan has us getting back to

cadence by the end of next year,” he said.

Speaking to USNI News after the event, Goggins said that Newport News Shipbuilding

had expanded its footprint at its Virginia shipyard to try to keep up with the higher

wor kload, which woul dauntastheshipyasdsalsoadbégingaiol ¢ i n t he 1o
on the upcoming Columbielass ballistic missile submarine program.

“At Newport News they expanded to additional foot
the next year and a half, through the end of next year, is getting those modules completed
onschedl e, ” Goggins told USNI News.

“So by the end of next year, we’re back to caden
the planned resources to go execute module delive

He said metrics are in place to ensure the company is on track to meet thissgedlif

any significant hurdles remain, he said, “they ne
people, they have the footprint, they have the tooling; they just have to go execute, which

they’ re doing today.?”

Tom Plante, the director of strategic plamgnfor Electric Boat, told USNI News during a
September visit to the Connecticut shipyard that some of the vendors were unable to keep
up with the faster pace of shipbuilding, either sending parts late or sending parts with
deficiencies that had to be datripped out of modules and replaced.

“We were challenged to meet our schedules 1in BIlo
execution, some of that is ripples caused by [continuing resolutions] and funding and plus

2

ups, Plante said.

“1f we ge hm,ifefget offthattcadenkey that causes these ripples, and it takes

multiple ships to work through that. If you have a supply probleran-conforming

material comes in and I’>ve got to stop, I’>ve got
got to re-do things—then that all adds time and cost to construction execution by
shipbuilders.?”

Goggins said Wednesday [November 6] that it would be important to keep the recovery
plan on track and get the Virginiaspilroduction 1 1i°
over and affect the Columbia class of SSBNs.

“The key thing i1is getting back to cadence across
needed to ensure the success of the Columbia pro
said.

Despite the challengeekping up with the faster delivery schedule, Goggins said the
Virginia-class submarines have been delivering at-bigérer quality. The future Delaware
(SSN791) completed its sea trials on Oct. 10 and delivered on Oct. 25 and was the highest
quality subdelivered to date, according to the Board of Inspection and Survey (INSURV)
report, Goggins saitl.

5Me gan Eckstein, “Navy, Sub Builders Have Recovery Plan to
S ¢ h e dUSNIdNewsNovember 7, 2019.
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Legislative A2Itivity for FY20

Summary of CongresFsYi20hudhdiAngi Baqoast

TDE®H 1 ow summarizes congtse sFdiTdinnadli nage trieoqnu eosnt tfhoer
ColumHdiass program.

Table 3. Congressional Action on FY20 21 Funding Request
(Millions of thenyeardollars, rounded to nearest tenth; totals may not add due to rounding)

Authorization Appropriation

Request HASC SASC Conf. HAC SAC Conf.

Department of Defense (DOD) Funding
Research and development (R&D)

PE0603570Nline 047)/Project 3219 80.1

PE0603595N (lin852/Project 3220 317.2
Subtotal R&D 397.3
Procurement

Procurement 2,891.5

Advance pocurement(AP) 1,123.2
Subtotal Procurement 4,014.7
TOTAL DOD Funding 4,412.0
Department of Energy (DOE) funding
Naval Reactor8 Columbiaclass reactor 64.7

systems development

Source: Navy FY2@1 budget submission and committee and conference repestplanatory statements on
FY2@®1 National Defense Authorization Act @FY2@1 DOD Appropriations Act, and (for appropriations
figures for DOE Naval Reactors funding), committee and conference reports on theE¥Ea@rgy and Water
Developmentand Related Agencidsppropriations Act.

Notes: PE means Program Element, that is, a reshand development line item. A Program Element may
include several project®E0603570N/Project 3219 isthe SSBN(X) reactor plant project within the PE for
Advanced Nuclear Power Systen®E0603595N/Project 3220 isthe SeaBased Strategic Deterrent (SBSD
Advanced Submarine System Development project within the P@liay ReplacementHASC is House

Armed Services Committe€3ASC is Senate Armed Services CommittébAC is House Appropriations
Committee;SAC is Senate Appropriations Committe€onf. is conference agreement. SCN is Shipbuilding and
Conversion, Navy; NSBDF is National Sgmsed Deterrence Fund. The procurement funding requested for
FY2018 is advance procurement (AP) funding.
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Appendix A.Summar Pa &f S.

PEBNgns

This appendkgrpnodi dafobmaetion on the four SSBN
has operated since 1959. T7IDE®Hf oAusr schtoawsna bikne atrhe s u
the size of U.S. SSBNs has grown over time, 71efl
SLBMs carried on each boat FThetB®Ohtoisl mashcdnrrt
the SLBMs carried by eaxd ik BMs ,S.c 8fiBaNrse d atnad tilte
earlier VLI®B.pSSBNEorhet hOehkiaos s ovd ¢ shingn stubmer ge d
di spl acle8mem50 otfons , 1s more than twice the size
Table A-1.U.S. SSBN Classes
George Lafayette/Benjamin
Washington Ethan Allen Franklin (SSBN - Ohio (SSBN -726)
(SSBN-598) class  (SSBN-608) class 616/640) class class

Number in class 5 5 31 18/14

Fiscal years FY1958FY1959 FY1959 and FY196: FY1961FY1964 FY1974/FY1977

procured FY1991

Years in 19591985 19611992 19632002 1981/1984present

commission

Length 381.7 feet 410.5 feet 425 feet 560 feet

Beam 33 feet 33 feet 33 feet 42 feet

Submerged 6,700 tons 7,900 tons 8,250 tons 18,750tons

displacement

Number of SLBM 16 16 16 24 (to be reduced

launch tubes to 20 by 2018)

Final type(s) of Polaris A3 Polaris A3 Poseidon G3/ Trident Il D-5

SLBM carried Trident| C-4

Diameter of those 54 inches 54 inches 74 inches 83 inches

SLBMs

Length of those 32.3 feet 32.3 feet 34 feet 44 feet

SLBMs

Weight of each
SLBM (pounds)

Range of SLBMs

36,000 pounds

~2,500 nm

36,000 pounds 65,000/73,000 pounds

~2,500 nm ~2,500 nm/~4,000 nm

~130,000 pounds

~4,000 nm

Sources: Prepared by CRS based on data in Norman Polifilae, Ships and Aircraft of the U.S, Rleeapolis,
Naval Institute Press, various editions, and (for SSBN decommissioning dates) U.S. Naval Vessel Register.

Notes: Beam is the maximum width of a ship. Fbetsubmarines here, which have cylindrical hulls, beam is the
diameter of the hull.
The range of an SLBM can vary, depending on the number and weight of nuclear warheads;itactuges
ranges can be lesser or greater than those shown.

The George Washigton-class boats were procured as modifications of SSNs that were already under
construction.Three of the boatswere converted into SSNs toward the ends of their lives and were

58 The larger size of the Ohidass design also reflea@growth in size over time in U.S. submarine designs due to
other reasons, such as providing increased interior volonmeasure$o quiet the submarine acoustically,ato
makeit harder to detect.
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decommissioned in 198B985 The two boats that remained SSBNs throughout tHivies were
decommissioned in 1981.

All five Ethan Allertlass boats were converted into SStdsvard the ends of their livesThe boats were
decommissioned in 1983 (two boats), 1985, 1991, and 1992

Two of the Lafayette/Benjamin Frankéifass boats wereonverted into SSNs toward the ends of their lives and
were decommissioned in 1999 and 20TRe 29 that remained SSBNs throughout their lives were
decommissioned in 1986995.For 19 of the boats, the Poseidon&was the final type of SLBM carried; ftvet
other 12, the Trident | G4 SLBM was the final type of SLBM carried.

A total of 18 Ohioclass SSBNs were builthe first four, which entered service in 1981984, were converted

into SSGNs in 2002008.The remaining 14 boats entered service in 19897. AlthoughOhio-class SSBNs are
designed to each carry 24 SLBMs, by 2018, four SLBM launch tubes on each boat are to be deactivated, and the
number of SLBMs that can be carried by each boat consequently is to be reducedsmtB@f the number of
operational launchers and warheads in the U.S. force will comply with gtcateiclear arms control limits
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AppendixB.U. J K Cooperatiomndn SLB
t he New UK SSBN

This appendix provides -VKckgopanadtiadfi odmafLBMs oa
UKs ngoxetr ation SBBN|1pdet hcelmmSusc cSeSsBsNorand now call
Dr e a d ncoluagshst S S BN.

The sUKfour -Vmagua$ 8BNs, whichlea9ecredchecaicyg 1a
II-5DSLBMs. Previous <classesamndfé¢ dKr aStSiBANB>*® J.iSni 1Sk B
The sUKus e -nmafd eU.SSLLBMs on its SSBNg ainsdimmge cdlosme nt
cooperation between Hwtled at wad dovmtesi ¢haonisuchaear
Agreement for CoopPdmant coEnenm gtyhd ods Mutawfal Def en:
known as the Mutual Defense Agreement ). Within t
agreement, cooperation on SLBMs in particular 1 s
Agreement and aL elt9t8e2r sE xbcehtawmegeen Bffhe viNwo e g6 v € 1 = the n

59 Although the SLBMs on UK SSBNs are U:Bade, the nuclear warheads on the missiles are of UK design and
manufacture.

600A March 18, 2010, report by the UK Parliament’s House of
following:

During the Cold Waaperatianith th&/Bnited States was eonsidereddo be at

the heartofthe[UKU. S. ] “special relationship’”. This included th
Agreement, the 1963 Polaris Sales Agreement (PSA) (subsequently anfiem@iedent), and the

UK’s wuse of the US nuclear tes-operatibntalso in Nevada from 19
encompassed agreements for the United States to use bases in Britain, with the right to store

nuclear weapons, and agreements for two basesrikshire (Fylingdales and Menwith Hill) to be

upgraded to support US missile defence plans.

In 1958, the UK and US signed the Mutual Defence Agreement (MDA). Although some of the
appendices, amendments and Memoranda of Understanding remain class#ilkdovn that the
agreement provides for extensive@geration on nuclear warhead and reactor technologies, in
particular the exchange of classified information concerning nuclear weapons to improve design,
development and fabrication capability. The agreet also provides for the transfer of nuclear
warheadrelated materials. The agreement was renewed in 2004 for another ten years.

The other major UKUS agreement in this field is the 1963 Polaris Sales Agreement (PSA) which
allows the UK to acquire, suppg@nd operate the US Trident missile system. Originally signed to
allow the UK to acquire the Polaris Submarine Launched Ballistic Missile (SLBM) system in the
1960s, it was amended in 1980 to facilitate purchase of the Trident | (C4) missile and 4§82 in

to authorise purchase of the more advanced Trident Il (D5) in place of the C4. In return, the UK
agreed to formally assign its nuclear forces to the defence of NATO, except in an extreme national
emergency, under the terms of the 1962 Nassau Agréeeamied between President John F.
Kennedy and Prime Minister Harold Macmillan to facilitate negotiation of the PSA.

Current nuclear coperation takes the form of leasing arrangements of around 60 Trident Il D5

missiles from the ditdetdirent, and Ibrgtandirig todlabaratioh enpthe n d

design of the W76 nuclear warhead carried on UK missiles. In 2006 it was revealed that the US and

the UK had been working jointly on a new ‘Reliable Rep
modernise existg W76-style designs. In 2009 it emerged that simulation testing at Aldermaston

on dual axis hydrodynamics experiments had provided the US with scientific data it did not

otherwise possess on this RRW programme.

The level of ceoperation between the twountries on highly sensitive military technology is,
according to the written submission from Ian Kearns,
alliance relationship?”. He quoted Admiral William Crow
who likenedthe UKUS nuclear relationship to that of an iceberg,
out, but beneath the water there is quite a bit of everyday business that goes on between our two
governments in a fashion that’ s ommeptedethatthte nt ed in the w

113
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Mar ch 2‘“hle0 Unhiatted States and the United Kingdom
commitment to nuclear deterrence thrBhugh the Pol
U. S. wi | Imacionnttaiinnmu ei ttso strong strategic relations
foldowplatforms, based up®¥n the Polaris Sales Ag

The firsc¢l ¥asang88BN was originally projected to r
2024, but lalh WK tdedfeans2e0 and security review repo
Vanguard class ships will now be extended by a f
service into the I1ate 2020s and early 2030s.

The UK plans to r ecpllaascse btohaet sf owirg dVra¢nhgautairodo r f our
Dr e a d ncoluagshst boats are to be equipped with 12 mis
call for each -Y03%tBMwo, cwirtrly telhte lbdeti Hdegr ufsoeudr ftourb eSs
The 71 epor‘tMasitna’tGeahteet He 6t a1t 6 nbuwol di-nigs trheeq usiurbenda r i 1
ar oun d®Thoel 6f.i rst new boat is to be delivered by
previous¥®y planned.

The UnitediStamgs the K wilbrhe adnSaSuBgNntpa o ge atms &
addition to the modular CommenUMi sesdl 8t £Loep ar ¢ ma
UK with t h3e rnecawc PROWR tpel amBe d a H ySoSuBgNa.t A December 20
pess reporthetatkas tthedn strong [ UK] collaborat:i
Dr e a d nporuogghrta m] , particularly with regard to the
t echn’alnadgyt,hat the des i ghr ecaodnncobupgshsts‘@mmleovg d for t
propul sion plant basedg ®mteimmanUSUKd erseiagent,o rb utte cuhsnionlg
(PWR) and modern secorn®Thahey p.rSo.p uNasviyo ns tsaytsetse msh a t

Naval Reactors, a joint Department of Energy/Department of Navy organization
resposible for all aspects of naval nuclear propulsion, has an ongoing technical exchange
with the UK Ministry of Defence under the US/UK 1958 Mutual Defence Agreement. The

personal bonds between the US/UK scientific and technical establishments were deeply rooted.

(House of Commons, Foreign Affairs Committ&&th ReporGlobal Security: UKUS Relations
March 18, 2010, paragraphs 1335; http://www.publications.parliament.pdtm200910/
cmselecemfaff/114/41402.htm paragraphs 13135 are included in the section of the report
available athttp://www.publications.parliament.ygcm200910¢mselecémfaff/114/11406.htm)

See also “U. K. S-Aanms BatenExbdan Ni &lbbal®dcurity Newawirdluyd0, St at es , ”
2014.

61 Statement of Rear Admiral Stephen Johnson, USN, Director, Strategic Systems Programs, Before the Subcommittee
on Strategic Forces of the Senate Armed Services Committee [on] FY2011 Strategic Syaremd,7, 2010p. 6

62 Securing Britain in an Age of Uncertainty: The Strategic Defence and Security Revémented to Parliament by
the Prime Minister by Command of Her Majesty, October 2010, p. 39.

63 Securing Britain in an Age of Uncertainty: The Strategic Defence aodrBy ReviewPresented to Parliament by

the Prime Minister by Command of Her Majesty, October 20006 B8839.F or mor ¢ ®neadnobigat UK’ s
SSBN progranas it existed prior to the October 2010 UK defense and security review sgmRjchard Scott,
“Deterrence ADQHUT\WDIHIHQBatambBel RBOA009: 28l.

64 Securing Britain in an Age of Uncertainty: The Strategic Defence and Security Rewmeanted to Parliament by
the Prime Minister by Command of Her MajesBgtober 2010, p. 39.

65 PWR3 means pressurized water reactor, design number 3. U.S. and UK-poaleeed submarines employ

pressurized water reactors. Earlier UK nucleawered submarines are powered by reactor designs that the UK

designated PWR and RVR-1 . For an article discussing the PWR3 plant, s
Energising the UK’s NDPDQHWHTV NQWHE @D WP RRQIP2DIAHUMEUFH SHYLHZ

Sam LaGrone and Richard Scatst Cohfroat e £idsQtHWhllYd e nRetse "1 e |
International December 2011: 17 and 18.
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US/UK 1958 Mutual Defence Agreement is a Government to Government Atomic Energy
Act agreement that allows the exchange of naval nuclear propulsion technology between
the US and UK.

Under this agreement, Naval Reactors is providing the UK Ministry of Defence with US

naval nuclear propulsion technology to facilitate development of the navédanuc

propulsion plant for the UK’s next generation SUC
The technology exchange is managed and led by the US and UK Governments, with

participation from Naval Reactors prime contractors, private nuclear capable shiguilder

and several suppliers. A UK based office comprised of about 40 US personnel provide full

time engineering support for the exchange, with additional support from key US suppliers

and other US based program personnel as needed.

The relationship betweenarJS and UK under the 1958 mutual defence agreement is an
ongoing relationship and the level of support varies depending on the nature of the support
being provided. Naval Reactors work supporting the SUCCESSOR submarine is
reimbursed by the UK Ministry dbefence®’

Uu. S. assistance to the UK on naval mnuclear propt
To help j urtsp sntuaprdtwatrheed bKun bmarine program, the Un
the UK a complete nuclear ppepabsiendptaatn{pgps
installed on ¢hxe YkSBjSNalk ¥ @SdWNenruecdl eaatrt ack s ubmar
(SSNs), which entered service between 1I'959 and 1
firstpowebledr shk ps utt'hDEHDGEOQRXIKWch entered service
The December 2011 “hree sUK rnnespardts os tl dtocks ntgh att ot he:
b et wizxreena d naonudg htthe Ohi o Repl acement Programme. For
agreememt shiagsnebdeeof f regarding the platform inte
respective ®ombat systems.

A June 24, 20t06teprthse fobpbbotwing:

The [U.S. Navy] admiral responsible for the nuclear weapons component of ballistic
missile submarines o day praised the “truly wunique” rtelatio
officers who have similar responsibilities, and said that historic cooperation would not be
affected by Thursday’s vote to have the United Ki

Vice Adm. Tery Benedict, director of the Navy’s Strateg
based on a telephone exchange Thursday morning w
have no c¢ onocaledBrexit’voterfbreBritishcexit— was a decision based o
itsrelatonsh p wi th Europe, not with us.®1 see yesterday

Source: Email to CRS from Navy Office of Legislative Affa:
Generation U. K. Boomer s REN Nefgihttp:/fiewsousni.dg.D8cemb8d7, 2014i ons hi p, ”

8Sam LaGrone and Richard Scott, “StrategibQHAsVskDYs\: Deterre:
International December 2011: 19. S dteKeepIMsino on US lkvelveWent in Trident S i mo n s , “Br
Nucl ear PoliticoghApri 30, 2015.

90t t o KrBeeinsehdeirc,t :“ UK Exi t From European Un,iUSNIN&Wsn  t Hi nder

June 24, 2016.
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AppendixC.Co 1 u mbli aaPrso g rQrm gi n and
Milestones

This appendix provides Chd wkndlriacsusn dp riongfrogrimma tainodn o r
mil eston

Program Origin and Early Milestones

At hough the eventuallmeed SSBNsehlasc dbetelne k@Qloiwm f
ColumHiass pawmglbhamtraced more specifically to an
2006 between President George WoBashnimyg UKe PUK
desire to participate in a progHhaf®®@LBM daxnttond hteh e
2040s, and -genbaati onhs-SE§BNFothowyn® t his exchang
with an atwhe emrecsjsneecmtfie dd arteetsec toefs st SekIBdhsitoi me t h a't
would likely be needed to devDODpiandO0O067ebdganrtr s
om ngenerabhnendsesaraf(8BSHhdetsemmddrts -basddt he t e
stratergi(enBdSel®) si gnal the possibibityecthsastathbynb
submarine.

An Initial Capabilities Document (I'dR)Y for a neyv
approveds blyoiDDtD Requirements OverRdi gBiOnNGommittee
July 2008, DOD issued a Concept Decision providi
( AOA) for the program; an acquisiti’®n decision 1
acquisition executive, stat ecdo vtehrey ,n ebwe’®say sstuebmmawroit
The Navy e€CoidbmHsabsesd pdifaigac @aamtb out t“his same time

The AOA reportedly begad®Tha ABDA wasnmeomplretfad] v
brief to the Office of the 29e¢c r20t09r.y Tchfe De fnean s A
was completed in September 2009. An A®OA Sufficie
Director, Cost Assessment & Progr'@meEvA®IAuati on (
concludedddshiagn aShBMW wafso rt hree pbleasatil mogpsttilH& BAE i o ( F o

70In February2007, the commander of U.S. Stegic Command (STRATCOM) commissioned a task force to support

an anticipated Underwater Launched Missile Study (ULMIB) June 8, 2007, the Secretary of the Naitjatedthe

ULMS. Six days later, the commander of STRATCOM directed that a Sea Basgegic Deterrent (SBSD)
capabilitybased assessment (CBA) be performeduly 2007, the task force established by the commander of
STRATCOM provided its recommendations regarding capabilities and characteristics for a new SBSD. (Source: Navy
list of key events relating to the ULMS and SBSD provided to CRS and the Congressional Budget Office (CBO) on
July 7, 2008.)

“On February 14, 2008, the SBSD ICD was approved for joint
Review Board (R3B). On April2, 2008, the SBSD was approved by DOD’s Funct
proceed to DOD’s J oi n($ourceaNawy bstof keyteveats rel@ingdorthe UKMB @nd 5BSD

provided to CRS and CBO on July 7, 2008.)

72 Navy briefing to CR%nd CBO on the SBSD program, July 6, 2009.
73 Navy briefing to CRS and CBO on the SBSD program, July 6, 2009.

74 An August 2008 press report states that the program office, calledBPM$, “was established within
mont hs.” ( Dan dsdJpProgram Offictl RowgnagetNeXte n e r a t i dnside th8 NEayAugust
17, 2008.

5% Goi ng Beferise DailySepteniber 22, 2008, p. 1.

76 Department oDefenseFiscal Year (FY) 202 Budget EstimatedNavy, Justification Book Volume, Researh,
Development, Test & Evaluation, NaBydget Activity 4entry for PEO603561N, Project 3220 (PDF page 345 of 888).
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a June 26, 203 scNasvsynlgl optposns that were examirit
class, SSBSHQGNH[ '
The prsogMialne st omee tAi mg vwasw held on December 9, 2

the Navy provided the following statement to CRSE
meeting:

The OHIO Replacement Program achieved Milestone A and has been approved to enter
the Technology Development Phase of the Dept. of Defense Life Cycle Management
System as of Jan. 10, 2011.

This milestone comes following the endorsement of the Defense diguiBoard (DAB),
chaired by Dr. Carter (USD for Acquisition, Technology, and Logistics) who has signed
the program’s Milestone A Acquisition Decision Me

The DAB endorsed replacing the current 14 Gdiass Ballistic Missile Submarines
(SSBNss) as they reach the end of their service life with 12 Ohio Replacement Submarines,
each comprising 16, 8nch diameter missile tubes utilizing TRIDENT Il D5 Life
Extended missiles (initial loadout). The decision came after the program was presented to
the Defense Acquisition Board (DAB) on Dec. 9, 2010.

The ADM validat e cthmho IprggygmMDamel opment Strategy
Technology Development Phase during which war fig
operationdaalbiand ya fgfoarl s . Design, prototyping, an
continue to ensure sufficient techn®logical mat-u

January 2017 Milestone B Approval
On January 4, 2017, DOD <oV a mMiialsess tpornoeg rBa ma.p pMiolvea

B approval, which permits a program to enter the
(EMD) phase, 1is generally considered a major mil
permitting the pebDfgfeatm, tHremaamsieso®archnand deve
procurement program of record. A January 6, 2017

Milestone B approlaksfproghamCeltambsathe followi

On 4 November 2016, Under Secretary éfense for Acquisition, Technology and

Logistics Frank Kendall chaired the Milestone B Defense Acquisition Board, and on 4

January, 2017 signed the acquisition decision memorandum approving COLUMBIA Class

program’s Milestone B aasandcqusiioniCatagarytiD mapor t he pr ogr a m
defense acquisition program. Milestone B also establishes the Acquisition Program

Baseline against which the program’s performance
decision formally authorizes entry into the Engimegrand Manufacturing Development

Phase of an acquisition program, permitting the transition from preliminary design to detail

design, using Shipbuilding and Conversion, Navy (SCN) funds. Cost estimates for this

program have been rebaselined from CY201&adoto CY2017 dollars in accordance with

DoDI 5000.02, Rev p, dated 7 January 2015.

The MS B Navy Cost Estimate for Average Follow Ship End Cost (htd8)2n 2010$
using specific shipbuilding indices is $5.0 billion, a $600 million reduction fronvitheA
estimate, which nearly achieves the affordability target of $4.9 billion set at MS A. To
continue cost control, the Navy will focus on:

* Stable operational and technical requirements

* High design maturity at construction start

77 Source: Email from Navy Office of Legislative Affairs to CRS, February 3, 2011.
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« Det ai |l esdrempahufaatyringtreadiness including robust prototyping efforts and
synergies with other nuclear shipbuilding programs

e Aggressive cost reduction actions

Affordability caps have been assigned that are consistent with current cost estimates and

reasonald margins for cost growth. Relative to Milestone A, these estimates have been

updated to adjust Base Year from 2010 to 2017, a standard practice to match Base Year

with the year of Milestone B approval. The MS A unit cost affordability target ($4.9 billion

in CY20108$ wusing Navy indices)-oumShip&Enda unique met
Cost,” which a-d2 BramiMilestdne B forward thelatfosdability cap for

the unit cost will be measured by using the Average Procurement Unit Cost (APe), w

includes all 12 hulls. The Affordability Cap of $8.0 billion in CY2017$ is based upon the

approved APUC estimate of $7.3 billion plus 10%....

The Navy and industry are currently negotiating the detail design and construction
(DD&C) contract, which igxpected to award in early 2017. With negotiations continuing
on the DD&C contract, the Navy has ensured the COLUMBIA Program design effort will
continue without interruption. The Navy issued a contract modification to allow execution
of SCN for detail degn on the existing R&D contract. With this modification in place,
detail design efforts that had initially planned to transition to the DD&C contract, will
continue on the current R&D contract to ensure continued design progress. With the
Milestone B appoval and the appropriation of $773M in FY17 SCN under the second
Continuing Resolution, funding is now available to execute detail design. In accordance
with 10 U.S.C. §2218a and the FY17 National Defense Authorization Act, the Navy
deposited the FY17 SCiNto the National SeBased Deterrence Fund (NSBDF). The first
installment of funding will be executed on the existing R&D contract, which allows
transition into detail design and continued design progress until the award of the DD&C
contract’®

78 Columbia Class MS [Milestone] B, CongressioNaltification, January 6, 2017, pp-2 See also Megan Eckstein,
“Col vamba sas Submarine Program Passess MiUSNiNewsdawa®4,Deci si on,
2017.
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AppendixD.De s i g@olou mBi ass Boats

This appenadd d&i tpiroonvaild ebsackground infor-enhdadso®on on t
boats.

Some Key Design Features
The Cotltmbsadesign will reflect the following:

¢ Th€@ol umbiiasi ddgasisfgm® Faec are cetxepd s.Er vice 1ife

e Unlike -¢lhaes Ohdeosi gn, which reddwihres a midlife
Col umbiia ctloa sbse ¢ qewoifiphped pwntuk lamaki fuel core (
nuclear fuel core that 1s suffsiecrnwinde to powe:
l1i®fahthough the Columbia class will not need
will still needowemhaduwl fei noenyedmedvaghaul t]
include a nutol opr rrad f vywelvaenr gl)iitfse .ful 1l 42

e The Colswmbias ¢labe e qudirpipveed pwiotphu lasni oenl etcrtariinc,
opposed to dhevemephaeapubtsaion train used on ot |
submarines-drThe elys¢emic¢cs expected to be qui
t han a mlercihvaen $scyaslt e m.

e Th€olumbia class is to have SLBM launch tube s
on the Ohio class (i.¢e., tubes with a diamet
t o accomnbo dalt BeM)a. D

¢ The Columbia class wifPbfhdsamhpbaakadaw( i4.2e., d
feet onclthes Do di gnlength of 560 feet, the s a
Ohicd ass ®design.

7 Rear Admiral David Johnson, briefing to Naval Submarine League Anyua@&ium [on] Expanding Undersea
Dominance, October 23, 2014, briefing slide 19. See also W
Re pl ac e me n t NasalBnginearsiJauenaSeptember 2015: 836.

80As ment i on e @urrenhQhibGlassrSSBNS ¢  f -klass boadtsiraceive a midlife nuclear refueling
overhaul, called an Engineered Refueling Overhaul (ERO), which indhadlesa nuclearefueling and overhaul work
on the ship that is not related to the nuclear refueling.

81U.S. Navy,Report to Congress on Annual LeRginge Plan for Construction of Naval Vessels for FY 2011
February 2010, 5.

82 Source: Rear Admiral David Johnson, brigfito Naval Submarine League Annual Symposium [on] Expanding

Undersea Dominance, October 23, 2014, briefing slide 19. See also the spoken testimony of Admiral Kirkland Donald,

Deputy Administratofor Naval Reactors, and Director, Naval Nuclear Propuldi@tional Nuclear Security

Administration, at a March 30, 2011, hearing before the Strategic Forces Subcommittee of the Senate Armed Services

Commi ttee, as shown in the transcript of theUS8earing, and
Nawal Institute Proceedingslune 2012: 31;ala m La Gr one and Richard Scott, “Strateg
Confront Cos-DQEHNY ILID¢h gQRMEdei@2011L:& Robraore on electric drive propulsion, see

CRS Report RL3062Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for CongreBonald

O'Rourke

83 Beam is the maximum width of a shipor Navy submarines, which have cylindrical hulls, beam is tlaengiter of
the hull.

%Dave Bishop, “What Wil.S. NavallhslitetesProcdedingiine 2002: 3 Bishap was”
program manager for the Columhikass program.) SeealSoa m La Gr one and Richard Scott, “St
Deterrent Plans&€n f r ont Co s +D QHhfavl 1 DeYn g QDEdet@PM L RapdIB.

8%Sydney J. Freedber g, “Navy Seeks Sub Replacement Savings:
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e InsteaSdLBM IZXdumedh, ascloms ¢ hde€olhgmhi a he
clashadé SLBM Il aunch tubes
e As notea tdanhgiheGod luanbs adesi gn has fewer SLBM

t he -Olha s design, i tc liass sl adrergsmisrg nt thhann tt he Ohi o
submer ged displ aecelmesnst .daeTshiegmnG ohtaeschb s a b mer ge d
di splacement of 20, 815atends tpoad 8o 7 5Augwats T O
Ohicd ass ®8ksi @atimbsadesi gmladd kédedihgn Ohi o

before 1it, will be the largest submarine evVve:

e The Navy “ewntngst o htahe unique demands of stratf
[Colmimal ass] tmuastts be f it ttedda twei tcha ptahbei Imotsite supa nd
stealth to ensure tthetyh airyre afswldRPifdeth blpa nt. hr ou g

June 2013 Navy Blog Post Regarding Ohi

A June 26, 2013, Wl oRg cpheasrtd BBy eR’skaciir A ddugitema t ther Na
Undersea Warfare (N97), discussing a@dgtaisens t hat
SSBNs,theafaeldl owing

Over the last five years, the Nawyorking with U.S. Strategic Command, the Joint Staff

and the Offie of the Secretary of Defend®s formally examined various options to
replace the Ohio ballistic missile submarines as they retire beginning in 2027. This analysis
included a variety of replacement platform options, including designs baghd highly
successful Virginieclass attack submarine program and the current-€lags ballistic

missile submarine. In the end, the Navy elected to pursue a new design that leverages the
lessons from the Ohio, the Virginia advances in shipbuilding enplovements in cost
efficiency.

Recently, a variety of writers have speculated that the required survivable deterrence could
be achieved more cost effectively with the Virgihiased option or by restarting the Chio
class SSBN production line. Both of tkeeisleas make sense at face valigich is why

they were included among the alternatives assebsédhe devil is in the details. When

we examined the particulars, each of these options came up short in both military
effectiveness and cost efficiency.

Virg inia-based SSBN design with a Trident Il D5 missileAn SSBN design based on a
Virginia-class attack submarine with a largjameter missile compartment was rejected
due to a wide range of shortfalls. It would:

D o o rBseakihg Defenséhttp://breakingdefense.cqmApril 7, 2014.

86 Navy information paper on Columbiass program dated August 11, 2014, provided to CBO and CRS on August
11, 2014.

87U.S. Navy,Report to Congress on Annual LeRginge Plan for Construction of Naval Vessets?g 2011

February 2010,p.28.¢c¢ e al so Mike McCarthy, “Navy StrivbDelepse To Reduce |
Daily, February 6, 2015: 1n an article published in June 2012, the program manager for the Colalafagprogram

st at e d curreni donfigutatlor of the Ohio replacement is an SSBN with li6@¥diameter missile tubes, a-43

foot-diamater hull, electricrive propulsion, [an] Xstern,accommodations for 155 personnel, and a common

submarine radio roornailored to the SSBN migsn. "Da(ve Bi shop, “What WilS Nawvalll ow the O
Institute Proceedingslune 2012:3See al so Sam LaGrone and Richard Scott, “St
Confront Cos-DQEHNY ILID¢h gQRMEddHR@P0L:READEThe X-stern is also shown in Rear

Admiral David Johnson, briefing to Naval Submarine League Annual Symposium [on] Expanding Undersea

Dominance, October 23, 2014, briefing slide 19.) The tersteXn means that the steering and diving fins at the stern

of the ship are, when viewed from the rear, in the diagonal pattern of the letter X, rather than theavnerticalzontal

pattern of a plus sign (which is referred to as a cruciform sfene)common submarine radio room is a standardized

(i.e., common3kuite of submarine radio room equipment that is being installed on other U.S. Navy submarines.
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« Not meet sur vi va tsddeiotpoor hllsstreamlining &ang lack of@u i r ¢ me n
drive train able to quietly propel a much larger ship

« No t -sea availability requirements due to longer refit times (since equipment is
packed more tightly within the hull, it requires more time tdaeg, repair and retest)

* Not meet availabilit y-lifeoveqhaul (refualirgneeded)d ue t o a 1 on
* Require a larger number of submarines to meet t

. Reduce the deterrent v delwer enissiles, avdriedds-ato pr ot e c t t
sea)

* Be more expensive than other alternatives due t
to work with the large missile compartment (for example, a taller sail, larger control
surfaces and more robust support systems)

We would be spending more money (on more ships) to deliver less deterrence (reduced at
sea warhead presence) with less survivability (platforms that are less stealthy).

Virginia -based SSBN design with a smaller missileSome have encouraged the
development o& new, smaller missile to go with a Virgidi@sed SSBN. This would carry
forward many of the shortfalls of a Virgintzeased SSBN we just discussed, and add to it

a long list of new issues. Developing a new nuclear missile from scratch with an industrial
base that last produced a new design more than 20 years ago would be challenging, costly
and require extensive testing. We deliberately decided to extend the life of the current
missile to decouple and disk the complex (and costly) missile developmerdgpam

from the new replacement submarine program. Additionally, a smaller missile means a
shorter employment range requiring longer SSBN patrol transits. This would compromise
survivability, require more submarines at sea and ultimately weaken our deterren
effectiveness. With significant cost, technical and schedule risks, there is little about this
option that is attractive.

Ohio-based SSBN desigrBome have argued that we shouldpen the Ohio production

line and resume building the Ohio design SSBNss simply cannot be done because
there is no Ohio production line. It has long since bednaked and modernized to build
stateof-the-art Virginia-class SSNs using computerized designs and modular, automated
construction techniques. Is it desirabderédesign the Ohio so that a ship with its legacy
performance could be built using the new production facilities? No, since arb@dedl
SSBN would:

e Not provide the required quieting due to Ohio ¢
instead of a mpulsor (which is the standard for virtually all new submarines)

. Require 14 instead of 12 SSBNs by reverting t
standards (incidentally creating other issues with the New START treaty limits)

« Suffer f rabililyandeodtsassociated with the obsolescence of legacy Ohio
system components

Once again, the end result would necessitate procuring more submarines (14) to provide
the required asea presence and each of them would be less stealthy and lesalderviv
against foreseeable 2tentury threats.

The Right Answer: A new design SSBN that improves on OhioWhat has emerged

from the Navy’s exhaustive analysis is an Ohio re
foundation of the proven performance o thio SSBN, its Trident Il D5 strategic

weapons system and its operating cycle. To this it adds:

* Enhanced stealth as necessary to pace emer ging
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. Systems commonality with Vi rrevérmpassible( pumps, valwv
enabling cost savings in design, procurement, maintenance and logistics

*Modular construction and use of COTS equipment ¢
submarines to reduce the cost of fabrication, maintenance and modernizatiah. Tot

ownership cost reduction (for example, investing in adiffi¢the-ship reactor core enables

providing the same ateapresence with fewer platforms).

113

Al't hough the Ohio replacement is a new design,
best lessons&m 50 years of undersea deterrence, from the Ohio, from the Virginia, from

advances in shipbuilding efficiency and maintenance, and from the stern realities of

needing to provide survivable nuclear deterrence. The result is-daslowcosteffective

platform capable of smoothly transitioning from the Ohio and delivering effecti¥e 21

century undersea strategic deterreffce.

2

16 vs. 20 SLBM Tubes

Overview

The NawWwgcideis€ghumHiasms iwdhatl 6 SLBM t uwass ame her t
€

of s eeveeirstihoedsNadey t o reduce the estimatsed averag
through 12 tiamwahhabv yp rtoagrrgaerh i tbos o n oif n $BBY@e1 0 doll a
observers were con€el nmliwaltaeht alshs stiugpreisn g atttheer t h
create a risk that U.S. strategic nuclear forces
beyond to fully perform their deterrent role. Tt
Start Treatggilc mmudhgastwaapons, DOD plans to op
14 Trident SSBNs, each with 20 operable SLBM tut
rendered inoper88btabesfowher Cotl aitmil aafsNs& mpyw oignr t he

88 «“Facts We Can Agree Upon About Design of Ohio Replacement SSBNNa vy Li ve, accessed July 3
http://navylive.dodlive.mil201306/26factswe-canagreeuponaboutdesignof-ohio-replacemenssbn/

89 At a March 30, 2011, hearing before the Strategic Forces subcommittee of the Senate Armed Services Committee,
Admiral Kirkland Donald Deputy Administrator for Naval Reactors and Director, Naval Nuclear Propulsion, National
Nuclear Security Administratignvhen asked for examples cost efficiencies that are being pursued in his programs,
statedthe following

The—t he Ohio replacement |[program] has been one that we’
for—for several years now. But in the name of the efficesicand one of the issues as we work

through the Defense Department’s acquisition process,
process that Dr. [Aston] Carter [the DOD acquisition executive] headed up.

But we were challenged-teto drive the cost athat ship down, and as far as our part was

concerned, one of the key decisions that was made-that helped us in that regard was a

decision to go from 20 missile tubes to 16 missile tubes, because what that allowed us to do was to

down rate the-theprom 1 s i on power that wasi tnese de ds,maslo [oebrv]i otuhsel y, i
reactor that you would need.

But what it also allowed us to do was to go back [to the use of existing components]. The size [of
the ship] fell into the envelope where we could go bawtk use components that we had already
designed for the Virginia class [attack submarines] and bring those into this design, not have to do
it over again, but several of the mechanical components, to use those over again.

And it enabled us to drive the ¢ad that propulsion plant down and rely on proven technology
thatpusmps and valves and things 1like that don’t change

s

So we’re pretty comfortable putting that in ship that
do that.

(Souce: Transcript of hearing.)
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planning a force of 12 SSBNs ecaaxthou tllelsk6 tthmlme s ,
280. These observers also cited the uncertainties
deterrent forces out €ool unebdiaag dasb s h&0d,ulwhde t ot hlee
serviece These observers @oekwewmb wh ¢dthhalshs tt udbepl am
than 20 was fully supported within all parts of
(STRATCOM)

In respondeot NawyD®D officials stCotladnbtiratcl alses d
with 16 tubes rather than 20 was carefully consi
with 16 tubes will give U.S. straftfergmct mhaicd ear f
deterrent role in the 2030s and beyond.
Testimony in 2011

At a March 1, 2011, hearing before the House Arn
Roughe a@hi etfheonf Nawvaht©pdet heti 6dné)] owing:

I’m very comfortable with where we'rgoing with SSBNX. The decision and the
recommendation that | made with regard to the number of tulzesch tubes are
consistent with the new START treaty. Theyconsistent with the missions that | see that
ship having to perform. And even though it neycharacterized as a cost cutting measure,
| believe it sizes the ship for the missions it will perfdfin.

At a March 2, 2011, hearing before the Strategic
Services Committee, the following exchange occur

REPRESHETATIVE TURNER:

General Kehler, thank you so much for your continued thoughts and of course your
leadership. One item that we had a discussion on was the triad, of lockin§ttee Navy

and the tube reductions of 20 to 16, as contained in other heanitigs Hill today. | would

like your thoughts on the reduction of the tubes and what you see driving that, how you see
it affecting our strategic posture and any other thoughts you have on that?

AIR FORCE GENERAL C. ROBERT KEHLER COMMANDER, U.S. STRATEGIC
COMMAND

Thank you, Mr. Chairman. Well, first of all, sir, let me say thattiremy mind anyway,

the discussion of Trident and Ohitass replacement is really a discussion in the context

of the need to modernize the entire triad. And so, firstofallhli nk t hat 1it’s 1importan
us to recognize that that is one piece, an important piece, but a piece of the decision process

that we need to go through.

Second, the issue of the number of tubes is not a simple &tablkhite answer. So let me
just commat here for a minute.

First of all, the issue in my mind is the overall number of tubes we wind up with at the end,
not so much as the number of tubes per submarine.

Second, the issue is, of course, we have flexibility and options with how many warheads

>

pe missile per tube, so that’s another considerat

Another consideration that is important to me is the overall number of boats and the
operational flexibility that we have with the overall number of boats, given that some
number will need to be in maintenance, some number will need to be in training, et cetera.

9 Source: Transcript of hearing.
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And so those and many other facteit® include a little bit of foresight here, in looking
ahead to 20 years from now in antisubmarine warfare environment that thevilahave

to operate in, all of those bear on the ultimate sideways shape configuration of aofollow
to the Ohio.

At this point, Mr. Chairman, | am not overly troubled by going to 16 tubes. As | look at
this, given that we have that kind of flexibilithat | just laid out; given that this is an
element of the triad and given that we have some decision space here as we go forward to
decide on the ultimate number of submarines, nothing troubles me operationally here to
the extent that | would oppose asuarine with 16 tubes.

| understand the reasons for wanting to have 20. | understand the arguments that were made

ahead of me. But as | sit here today, given the totality of the discussion;-haisaid, |

am not overly troubl d¢hdtthe gavel has beeN poundediontideon’ t kno w
other side of the river yet with a final decision, but at this point, | am not overly troubled

by 16%

At an April 5, 2011, hearing before the Strategi
Services Coomnhiotwti eneg, etxhcehafnge occurred:

REPRESENTATIVE LARSEN:

General Benedict, we have had this discussion, not you and I, | am sorry. But the
subcommittee has had a discussion in the past with regards to thel@sioeplacement
program.

The new START, though, lven it was negotiated, assumed a reduction from 24 missile
tubes per hole to, | think, a maximum a maximum of 20.

The current configuration [for th€olumbia class as | understand it, would move from
24 to 16.

Can you discuss, for the subcommittee herd,e Navy’s rationale for that?
from 24 to 16 as opposed to the max of 207?

NAVY REAR ADMIRAL TERRY BENEDICT, DIRECTOR, STRATEGIC SYSTEMS
PROGRAMS (SSP):

Sir, as part-excuse me, as part of the werg for the milestone A [review for the
Columbiaclass prograinwith Dr. Carter in OSD, SSP supported the extensive analysis at
both the OSD level as well as STRATCOM’ s anal ysis

Throughout that process, we provided, from the SWS [strategic weapon system] capability,
our perspective. Ultimately that wedled up into both STRATCOM and OSD and senior
Navy leadership and in previous testimony, the secretary of the Navy, the CNO, and
General Chilton have all expressed their confidence that the mission of the future, given
their perspectives, is they see grevironment today can be met with 16.

And so, as the acquisition and the SWS provider, we are prepared to support that decision
by leadership, sir.

REPRESENTATIVE LARSEN:
Yes.

And your analysis supportsdid your analysis that fed into this, did you loatkspecific
numbers then?

REARD ADMIRAL BENEDICT:

91 Source: Transcript of hearing.
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Sir, we looked at the ability of the system, again, SSP does not look at specific targets
with...

REPRESENTATIVE LARSEN:
Right. Yes, yes, yes.
REAR ADMIRAL BENEDICT:

Our input was the capability of thmissile, the number of rentry bodies and the throw
weight that we can provide against those targets and based on that analysis, the leadership
decision was 16, s

At an April 6, 2011, hearing before tdhe Strategi
Services Committee, the following exchange occur

SENATOR SESSIONS:

Admiral Benedict, according to recent press reports, the Navy rejected the
recommendations of Strategic Command to design the next generation of ballistic missile
submarines with 20 issile tubes instead of opting for only 16 per boat.

What is the basis for the Navy’s decision of 167
will that decision impact the overall nuclear force structure associated with the command?

NAVY REAR ADMIRAL TERRY BENEDICT, DIRECTOR, STRATEGIC SYSTEMS
PROGRAMS(SSP):

Ye s, sir. SSP supported the Navy analysis, STRAT
analysis, as we proceeded forward and towards the Milestone A decision toluh@ia
class prograirthat Dr. Garter conducted.

Based on our input, which was the technical input as-tethe director of SSP, other
factors were considered, as you stated. Cost was one of them. But as the secretary, as the
CNO, and I think as General Kehler submitted in their testimtihat given the threats that

we see today, given the mission that we see today, given the upload capability €f,the D

and given the environment as they saw today, all three of those leaders were comfortable
with the decision to proceed forward with tLibes, sir.

SENATOR SESSIONS:

And is that represent your judgment? To what extent were you invelwede you
involved in that?

REAR ADMIRAL BENEDICT:

Sir, we were involved from technical aspects in terms of the capability of the missile itself,

what wecan throw, our range, our capability. And based on what we understand the

capability of the B5 today, which will be the baseline missile for the Ohio Replacement

Program, as the director of ®SSP I°'m comfortable w

Section 242 Report

Seoni 242 of the FY2012 NatHoRalPLRDdBddLL2e Aut hori z
Decemberl )3 r d@D Irteo s ub mi tC oal uraedpioasr st twhno tg tha m

includes, among other things, an assessment of 3
nubmrs of SLBM launch tubes per boat. The text o

92 Source: Transcript of hearing.
93 Source: Transcript of hearing.

Congressional Research Service 41



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

SEC. 242. REPORRAND COST ASSESSMENT OF OPTIONS FOR OH{@® ASS
REPLACEMENT BALLISTIC MISSILE SUBMARINE.

(a) Report Required\ot later than 180 days after the date of the enactment of this Act, the
Secretary of the Navy and the Commander of the United States Strategica@Gdrsinall

jointly submit to the congressional defense committees a report on each of the options
described in subsection (b) to replace the @ifdgs ballistic submarine program. The
report shall include the following:

(1) An assessment of the procuremewndt and total lifecycle costs associated with each
option.

(2) An assessment of the ability for each option to meet

(A) the atsea requirements of the Commander that are in place as of the date of the
enactment of this Act; and

(B) any expected changassuch requirements.
(3) An assessment of the ability for each option to meet

(A) the nuclear employment and planning guidance in place as of the date of the enactment
of this Act; and

(B) any expected changes in such guidance.

(4) A description of thepostulated threat and strategic environment used to inform the
selection of a final option and how each option provides flexibility for responding to
changes in the threat and strategic environment.

(b) Options Considered he options described in this sdetion to replace the Ohatass
ballistic submarine program are as follows:

(1) A fleet of 12 submarines with 16 missile tubes each.

(2) A fleet of 10 submarines with 20 missile tubes each.

(3) A fleet of 10 submarines with 16 missile tubes each.

(4) A fleet of eight submarines with 20 missile tubes each.

(5) Any other options the Secretary and the Commander consider appropriate.

(c) Form The report required under subsection (a) shall be submitted in unclassified form,
but may include a classified annex.

(c) 4&sbhoavlel sbtea tsewsb mihtet erd piomr tuncl as s i fi

Subsection
ed annezx.

classifn
The report as submitted was gpraigma ruinlcyl atshsel fcleads s i

summary, the text ofi nwhigch si si nast hfeo lolrd wsi nadnder I

The National Defense Authorization Act (NDAA) for Fiscal Year 2012 (FY12) directed
the Secretary of the Navy and the Commander of U.S. Strategic Command
(USSTRATCOM) to jointly submit a report to the congressional defense cosamitt
comparing four different options for the OHIO Replacement (OR) fleet ballistic missile
submarine (SSBN) program. Our assessment considered the current operational
requirements and guidance. The four SSBN options analyzed were:

1. 12 SSBNs with 16 midle tubes each
2. 10 SSBNs with 20 missile tubes each
3. 10 SSBNs with 16 missile tubes each
4. 8 SSBNs with 20 missile tubes each

Congressional Research Service 42



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

The SSBN force continues to be an integral part of our nuclear Triad and contributes to
deterrence through an assured secstnite capability that is survivable, reliable, and
credible. The number of SSBNs and their combined missile tube capacity are important
factors in our flexibility to respond to changes in the threat and uncertainty in the strategic
environment.

We assesxd each option against the ability to meet nuclear employment and planning
guidance, ability to satisfy &ea requirements, flexibility to respond to future changes in
the postulated threat and strategic environment, and cost. In general, options with mor
SSBNSs can be adjusted downward in response to a diminished threat; however, options
with less SSBNs are more difficult to adjust upward in response to a growing threat.

Clearly, a smaller SSBN force would be less expensive than a larger force, bt for t
reduced force options we assessed, they fail to meet cunssd and nuclear employment
requirements, increase risk in force survivability, and limit flexibility in response to an
uncertain strategic futur®ur assessment is the program of reco® SIBNs with 16
missile tubes eaclprovides the best balance of performance, flexibility, and cost meeting

commander’s requirements while supporting the
goals and objectives

The classified annex contains detailedlgsis that is not releasable to the puBtic.

94 Report and Cost Assessment of Options for Ogl@ss Replacement Ballistic Missile Submayidaclassified
Summary received from Navy Legislative Affairs Office, August 24, 2012. See also Christopher J. Castelli,
“Classified Navy Assessment On IrifeBNe NaySeptemherold, 2012,

Program Of
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AppendixE.Nat i on#las®ea Deterrence

Xx provides additiona-BabadkPeovoandenat

Creat d Lb-2 941 3

Section 1022 of theB@dM¢tKbenwi NaandnidlbwBhDefleRse Au
Act for Fi sHe aRl. /PBe%a7r? 9IF3 De(c e mb ecrr eladt,e d2 Otlhde) Nat i on
SeeBased Deterrence Fund (NSBDF), a fund in the LT
that 1is sepuaisatree gfurleam tsthet pawi 1 ding account ( whi
Shipbuilding and Conversion, Navy, or SCN, appr o

Amende ®. hy9 214 .-328 4PndL.-9115

Section 1022 of the FY2016 (SNa tiR30In6a912 D4 f ens e Au
November 25, 2015) , Section 1023o00af ASthe( FY2017
293 L.32Rf4 Decembpr 28d S88dHion 1022 of the FY
Aut horizHtR . o2 AL-@ bfd 5De ce mbearmeln2d,e d2 01107 )U. S. C. 2
provwaiddla ti onal acquisition authorities for the

Te x t as Amended

The text of 10 U.S.C. 2218a, as amended, 1 s as f
8§2218a. National Seased Deterrence Fund

(a) EstablishmeniThere is established in the Treasury of the United States a fund to be
known as théNational SeéBased Deterrence Funhd

(b) Administration of FundThe Secretary of Defense shall administer the Fund consistent
with the provisions of this section.

(c) Fund Purposegl) Funds in the Fund shall be available for obligationeqmenditure
only for construction (including design of vessels), purchase, alteration, and conversion of
national sedased deterrence vessels.

(2) Funds in the Fund may not be used for a purpose or program unless the purpose or
program is authorized bga.

(d) Deposits.There shall be deposited in the Fund all funds appropriated to the Department
of Defense for construction (including design of vessels), purchase, alteration, and
conversion of national sdzased deterrence vessels.

(e) Expiration of Funsl After 5 YearsNo part of an appropriation that is deposited in the
Fund pursuant to subsection (d) shall remain available for obligation more than five years
after the end of fiscal year for which appropriated except to the extent specifically provided
by law.

(f) Authority to Enter Into Economic Order Quantity Contra€iy. The Secretary of the

Navy may use funds deposited in the Fund to enter into contracts kndecasmic

order quantity contractswith private shipyards and other commercial or government
entities to achieve economic efficiencies based on production economies for major
components or subsystems. The authority under this subsection extends to the procurement
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of parts, components, asgistems (including weapon systems) common with and required
for other nuclear powered vessels under joint economic order quantity contracts.

(2) A contract entered into under paragraph (1) shall provide that any obligation of the
United States to make aypment under the contract is subject to the availability of
appropriations for that purpose, and that total liability to the Government for termination
of any contract entered into shall be limited to the total amount of funding obligated at time
of termindion.

(g) Authority to Begin Manufacturing and Fabrication Efforts Prior to Ship Authorization.

(1) The Secretary of the Navy may use funds deposited into the Fund to enter into contracts
for advance construction of national dessed deterrence vesselstpport achieving cost
savings through workload management, manufacturing efficiencies, or workforce stability,
or to phase fabrication activities within shipyard and managetisubmanufacturer
capacity.

(2) A contract entered into under paragraph ¢Bllsprovide that any obligation of the
United States to make a payment under the contract is subject to the availability of
appropriations for that purpose, and that total liability to the Government for termination
of any contract entered into shall Ioaited to the total amount of funding obligated at time

of termination.

(h) Authority to Use Incremental Funding to Enter Into Contracts for Certain Hamns.

The Secretary of the Navy may use funds deposited into the Fund to enter into
incrementally fundd contracts for advance procurement of high value, long lead time
items for nuclear powered vessels to better support construction schedules and achieve cost
savings through schedule reductions and properly phased installment payments.

(2) A contract enteed into under paragraph (1) shall provide that any obligation of the
United States to make a payment under the contract is subject to the availability of
appropriations for that purpose, and that total liability to the Government for termination
of any cantract entered into shall be limited to the total amount of funding obligated at time
of termination.

() Authority for Multiyear Procurement of Critical Components to Support Continuous
Production(1) To implement the continuous production of criticaimpmnents, the
Secretary of the Navy may use funds deposited in the Fund, in conjunction with funds
appropriated for the procurement of other nuclgawvered vessels, to enter into one or
more multiyear contracts (including economic ordering quantity octsjrafor the
procurement of critical contractdurnished and Governmefurnished components for
critical components of national sbased deterrence vessels. The authority under this
subsection extends to the procurement of equivalent critical comgaremmon with and
required for other nuclegrowered vessels.

(2) In each annual budget request submitted to Congress, the Secretary shall clearly identify
funds requested for critical components and the individual ships and programs for which
such funds i@ requested.

(3) Any contract entered into pursuant to paragraph (1) shall provide that any obligation of
the United States to make a payment under the contract is subject to the availability of
appropriations for that purpose and that the total liabtlitythe Government for the
termination of the contract shall be limited to the total amount of funding obligated for the
contract as of the date of the termination.

()) Budget RequestBudget requests submitted to Congress for the Fund shall separately
identify the amount requested for programs, projects, and activities for construction
(including design of vessels), purchase, alteration, and conversion of natioassea
deterrence vessels.

(k) Definitions-In this section:
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(1) The term“Fund’ means th National Se#ased Deterrence Fund established by
subsection (a).

(2) The term“national sedased deterrence vessaheans any submersible vessel
constructed or purchased after fiscal year 2016 that is owned, operated, or controlled by
the Department dbefense and that carries operational intercontinental ballistic missiles.

(3) The ternt‘critical componeritmeans any of the following:
(A) A common missile compartment component.
(B) A spherical air flask.

(C) An air induction diesel exhaust valve.

(D) An auxiliary seawater valve.

(E) A hovering valve.

(F) A missile compensation valve.

(G) A main seawater valve.

(H) A launch tube.

(1) A trash disposal unit.

(J) A logistics escape trunk.

(K) A torpedo tube.

(L) A weapons shipping cradle weldment.

(M) A control surface.

(N) A launcher component.

(O) A propulsor.

Precedents for Funding Navy Acquisitioc
Appropriation Accounts

Prior to the establishment of the NSBDF, some ob
of Colcumbsasa sb out s’s dehtpbuNhdyng budget, so as toc
shipbuilding funds for other Navy shipbuilding 7

arrangement

e Construct iDOnD osfe acleirftta isnhi ps wanSdu nNlaavdy auxi liar
past iymratrlse National Defense SsscabudgetFund ( ND
that 1is Shutpsbiudd dtilmeg and Conversion, Navy (SC
accoaumd ,al so outside the procurement title of

e Most spendiegmfesibal defense (BMD) programs
procucsleinkeentact i vitiesDe fiesWisitended etalrchughdt he
devel capnnde nptr o e a c emathhber t han through the

t

devel opment and procuremeatyaseountass of

es e
he

A rationale for funding DOD sealift ships 1in the
transportation mission that primarily benefits s
not be forced to ¢ ompdegteet faocrc ofuunntd itnhga ti nf uan d\sa vtyh et
ships centisalowno mibe iNmwy A rationale for fundi:
De f eWisdee research and devel opment -cafcfcsouint is t ha
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spending amongoganrnmeumoBMDvpsible and thereby he
BMD funding.

Potential Implications of NSBDF on Fu:
Progr ams

The NSBDF has at least two potenti-alasmplicatior
program miynHawmg emailable in coming years for c

e A principal apparent intent 1in creating the °
coming years for other Navy programs, and pa:
programs othercthan pheg€amupmbyaplacing fund

on within the D

ColumHiass program in a locatdi
d

from the sNappuilding 'scbodge¢et and ghee Nalby
Referring to the fund as aenNsvyvndbBefund and
appears intended to encourage a view (consis:
supporters «fl attlbe pColgumbni ¢ hat the program 1is
national militarys meecidfiratthead) htalnata Nwwding
ColumHiass program shoul’sd bedgets omsg ce dwifaloan, D
rather thans frwdng eathei Naprayrt i cul ar.

e The acquisition authorities 1in subsections (
which werR. a.dReddd. Ly-3 218 €4 0o0uld marginally reduc
procurement cost scloafs sn obto aotnsh,y cbllietd manmbsioa ot her

powered shipsc¢clasmshatasad®krgubmarines and Ger ;
(C¥N8) class aircraft carriers, by increasing
production of ship components and better opt

joinhorgxptanement for the FY20I1IS6 NMP3tiibonal De
f Nove,mb20rl 52)5 directed DO ctqou issuibtmiotn as trreaptoerg
dc 10ahsiso repl acement submarines that will 1leve
ided in .tAmeo n[gNSBhRE]r .t.h.i ngs, “atnlyciacdedabdrt was
orities the Secretary [of Def-

acement ‘WMdhe dNfivycsabmitted t
es 1in part that

hasg may need
e

e
e h report on Ay

N WESIE CR e S
o s e =

the high cost for this unique, next generation sgiat deterrent requires extraordinary
measures to ensure its affordability. Further, procuring the OHO Replacement (OR), the
next generation SSBN, within the current shipbuilding plan presents an extreme challenge

to the Navy’ s s hi pnizethis dhallenge amdirddgee OR schiedule mi n i
risk, the Navy proposes to leverage those authorities provided by the Natior2dsteh
Deterrence Fund (NSBDF) in conjunction with the employment of best acquisition
practices on this critical program....

.. the Navy is continuing to identify opportunities to further acquisition efficiency, reduce
schedule risk, and improve program affordability. Most notably in this regard, the Navy is
currently assessing [the concept of] Continuous Production [for produdingor@nts of
Columbiaclass boats more efficiently than currently scheduled] and will keep Congress

95 Joint explanatory statememtrfH.R. 1735 p. 165 (PDF page 166 of 542). Following the veteid®. 1735 a
modified bill, S. 1356 was passed and enacted into law. Except for the paBtsi@s6that differ fromH.R. 1735 the
joint explanatory statement fétr.R. 1735n effect serves as the joint explanatory staterfaer$. 1356
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informed as we quantify the benefits of this and other initiatives that promise substantial
savings....

. the Navy’s 1init i digsandfuthersinkiativesdescribed it hat t he aut
th|s report] will be essential to achieving the reductions to acquisition cost and schedule
risk that are so critical to success on the OR program...

Section 1022 of the FY2016 NDAA authorized the use of funtieeiNSBDF to enter into
contracts for EOQ [Economic Order Quantity purchases of materials and equipment] and
AC [advance construction activities in shipyards], and to incrementally fund contracts for
AP [advance procurement] of specific components. Tlaghorities are essential to
successfully executing the OR acquisition strategy. The Navy is able to take advantage of
these authorities largely due to how its submarine shipbuilding plan is phased....

Economic Order Quantity contracts provide substamiist savings to the Navy from
procuring materials and equipment in bulk quantities. In addition to the cost savings
typically associated with EOQ authority, the Navy has identified an opportunity to
implement EOQ procurements to achieve OR schedule eifieie and commonality
contract actions with VCS [Virginialass submarine] Block V [boats] and CVN [nuclear
powered aircraft carriers]....

Advance Construction is the authority to begin [shipyard] construction [work] in fiscal
years of AP [advance procurent] budget requests prior to the full funding/authorization
year of a hull. Early manufacturing activities help retire construction risk fordfiratkind
efforts, ease transition from design to production, and provide efficiencies in shipyard
construcion workload. Advance Construction would allow the shipbuilders to begin
critical path construction activities earlier, thus reducing risk to the OR delivery schedule....

The FY2016 NDAA allows the Navy and shipbuilders to enter into incrementally funded

procurements for long lead components that employ both AP and Full Funding (FF) SCN
increments. This funding approach will provide significant schedule improvements and
cost savings by maximizing the utilization of limited funding....

Maximum economic advaage can be obtained through Continuous Production. Procuring
components and systems necessary for Continuous Production lines [as opposed to
production lines that experience periods during which they are without work] would
provide opportunities for sawys through manufacturing efficiencies, increased
[productionline] learning and the retention of critical production skills. In addition to
lowering costs, Continuous Production would reduce schedule risk for both the U.S. and
UK SSBN construction progranand minimize yeato-year funding spikes. To execute
Continuous Production, the Navy requires authority to enter into contracts to procure
contractor furnished and government furnished components and systems for OR SSBNSs.

OR Missile Tube and Missile Tuddodule component procurement through Continuous

Production lines have been identified as the most efficient and affordable procurement

strategy... Missile Tube Continuous Production could achieve an average reduction of 25

percent in Missile Tube procuremt costs across the [Columbia] Class. These savings are

compared to [the] single shipset procurement costs [that are] included in the PB17 PoR

[the program of record reflected in the President

The Navy estimates thatqouring Missile Tube Modules in Continuous Production lines

would result in a cumulative one year schedule reduction in Missile Tube Module

manufacturing for the OR Class. This schedule reduction, on a potential critical path

assembly, would reduce shipligery risk and increase schedule margin for follow ship

deliveries. In addition to improving schedule, Missile Tube Module Continuous Production

(including Strategic Weapon System (SWS) Government Furnished Equipment (GFE))

would produce savings as high 20 percent compared to single shipset procurement costs

included in the PB17 PoR. Executing Continuous Production of Missile Tubes or Missile

Tube Modules requires#ehasing of funding from outside the
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Defense Program (FYDP) [to yedisat are within the FYDP] but results in significant
overall program reductions. The Navy is evaluating additional Continuous Production
opportunities for nuclear and nouaclear components with common vendors required for
VIRGINIA Class submarines and FORClass aircraft carriers. Some examples include
spherical air flasks, hull valves, pressure hull hemi heads, bow domes, castings, and
torpedo tubes. The prerequisite to Continuous Production in each of these cases would be
an affirmation of design staltiji consistent with completion of first article testing, or its
equivalent....

The Navy’s position on the cost benefits of the
However, the Congressional Budget Office stated inil@ DO\VLV RI WKH 1DY\TV )<

ShipbuildingPlan “ . .. the Navy could potentially save se
submarine by purchasing components and materials for several submarines at the same
time. ”. .. The Navy’s initial cost anal ysis align

reductions from employing these acquisition authorities will be further evaluated to support
the Navy’s updated OR Milestone B cost estimate i

The Under Secretary of Defense for Acquisition, Technology and Logistics (USD AT&L)

approved tB OR Program Acquisition Strategy on January 4, 2016. This strategy

emphasizes using alternative acquisition tools and -@lasform contracting to reduce

schedule risk and lower costs in support of the N

To reduce costs artkelp alleviate fiscal pressures, the Navy will work with Congress to

implement granted authorities and explore the additional initiatives identified in this

report... The cost reductions from employing the granted and proposed acquisition

authoriteswil be further evaluated to support the Navy”’
estimate in August 2016. These authorities are needed with the NationalEeesed

Deterrence Fund, RDTEN [research, development, test, and evaluation, Navy], and SCN
appropriationsaccounts. Together, these acquisition tools will allow the Navy, and the

shipbuilders, to implement the procurement strategy which will reduce total OR acquisition

costs and shorten construction schedules for a program with no margin fotédelay.

Aut hor Information

Ronald O'Rourke
Specialist in Naval Affairs

9% U.S. Navy,Report to Congress on Ohio Replacement Acquisition Strategy and NatioraaSsth Deterrence Fund
Accountability April 2016, with cover letters dated Apti8, 2016, pp. B.
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